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INSTITUTION
OP

CIVIL Fw\ G I N E E R S.

SESSION 1872-73.—PART I.

November 12 and 19, 1872.

T. TTAWKSLEY, President,

in tlie Chair.

No. 1,342.—"Explosive Agents applied to Industrial Purposes."

By Frederick Augustus Abel, F.R.S., Treas. C.S.'

Discussion.

Professor Abel said he had endeavoured to give a general

account of tlic nature and characteristics of the several classes of

explosive agents produced, and to a more or less extent used, as

substitutes for gunpowder in industrial operations, and he trusted

the discussion of the Paper would serve to elicit information, with

regard to their use and relative merits, from persons practicall}'

acquainted with their employment.

He had pointed out certain defects of gunpowder, some of which,

he believed, were fully established, while others might be open to

question. Amongst these were, the variation in its composition

and preparation, and consequent want of uniformity in its action.

Its deterioration by the absorption of moisture was due to the

fact that it was made with special regard to cheapness. The
amount of smoke produced in underground operations was a

cause of delay and difficulty in blasting ; and an important objec-

tion was the inevitable lialulity to violent explosion Avhenever,

either from carelessness or from accidental causes, it was reached

' Tliis paper, with the addenda to it, was printed in extenso in the last volurue

of the Minutes of Proceedings, vol. xxxiv., pp. 327—371. The discussion upon it

extended over portions of two evenings, but an abstract of tlie whole is given

consecutively.

[1872-73. N.S.] B



2 EXPLOSIVE AGENTS.

bj flame or fire of any kind. Many of the accidents in ordinarj'

mining and qnarrjang operations were undoubtedly due to care-

lessness ; and there was reason to be grateful for the zealous and

successful labours of Major Majendie, recently appointed Inspector

of Powder Magazines, who had already induced and enforced

the adoption of precautions which would greatly guard against

accidents in its use and storage.

He might refer incidentally to some experiments at Woolwich

Marshes, in which it was demonstrated that the expenditure of

heat, by the conversion of water from the solid condition to

that of vapour, might serve as a means of effectually protecting

powder against the action of fire. It was extremely probable that

such arrangements—where the powder was enclosed within fire-

proof magazines, which protected it for long periods from important

change by the action of violent heat—would prove great safe-

guards against accident in the storage of small quantities for the

purposes of trade.

Chlorate of potash, he had pointed out, j^elded preparations

more violent, because more rapid, in their action than gunpowder,

but also more dangerous, and more liable to accidental ignition by

moderate concussion. A few of comparatively safe character had

been produced as blasting agents, and to some extent used

;

amongst these were ' Horsley's powder ' and ' tutonite,' and also a

material obtained by the saturation and coating of bibulous

paper with a mixture of chlorate of potash, charcoal, and

other oxidisable substances, first devised by Hochstadter for

use in small-arms, and recently proposed by Eeichen for blasting

purposes.

Several preparations had lately been brought under public

notice, which, when fire reached them accidentally, or when other-

wise exposed to heat in the unconfined state, would behave less

violently than gunpowder. The type of these, manufactured at

Plymouth some years ago, consisted of spent tan saturated with

saltpetre and sprinkled with sulphur. The two most modern pre-

parations of this class were called 'pyrolithe' and ' pudi'olythe.'

These undoubtedly burnt less violently in open air than the mildest

description of blasting powder. In some special experiments in-

stituted to exhibit their powers, they were described as having

produced effects which bore advantageous comparison with those

of gunpowder.

In the Paper ho had entered as fully as the limits permitted

into the history of gun-cotton and nitro-glycerine, with refer-

ence to their application to industrial purposes. He had de-
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scril)ecl the manner in which Mr. Nohel had sncceecled in ap-

plying nitro-glycerine, tho most violent blasting agent at present

known, which, nnder favourable conditions, might bo handled

with comparative safety. He had also pointed out that nitro-

glycerine was uncertain and highly dangerous for technical pur-

poses, until Mr. Nobel overcame most of its defects by employing

absorbent materials as media for its application. The special

absorbent which he used was a siliceous earth called ' kieselguhr

'

obtained from Germany. This earth was saturated with a large pro-

portion of nitro-glycerine, and the material known as ' dpiamite

'

was produced, which was sufficiently solid to be conveniently

handled and packed into paper cartridges, and it was readily fired

by a detonating ai-rangement, also introduced by IMr. Nobel.

Subsequently to the invention of d^aiamite, various substances,

akin tt) it in nature, had been brought forward. One of these was
' colonia powder,' a species of gunpowder saturated with glj^cerine

;

others were ' dualine,' ' Horsley's powder,' ' glyoxiline ' and ' litho-

fracteur,' tho latter differing in some respects from dynamite, but

being the nearest to it in general characteristics.

In giving an account of tho relative properties of gun-cotton

and nitro-glycerine-preparations, such as dynamite, he had dwelt

upon the difficulty of instituting accurate comparisons of the force

evolved by different explosive agents, and had pointed out that

the many experiments in this direction had been attended with
only partial success. Very precise statements were often made
with reference to the powers of particular explosive agents, as

compared with gunpowder. He believed that such statements

were all more or less fallacious ; they were generally based upon
erroneous assumptions with regard to tho uniformity of the

material operated against, and of other conditions of the ex-

periments, and upon the sanguine views of those interested. If it

were possible to devise some method of ascertaining the powers
of explosive agents, applied to destructive purposes, in as trust-

worthy a way as was adopted in testing the strength of iron,

steel, and other materials, so that defi-uite values might be assigned

to them, it would be one of the greatest benefits that practical

men, connected with mining, quarrying, and engineering opera-

tions, could have conferred upon them. In America some experi-

ments had been made in this direction which appeared to be of

a promising character, but they required further elaboration before

they could be put forward with confidence.

In speaking of the relative merits of dynamite and gun-cotton,

he had pointed out that in the former, there Avere advantages

D 2



4 EXPLOSIVE AGENTS.

wliich might be considered as counterbalanced by others possessed

b^r gun-cotton, and that both exhibited special defects. One great

defect of dj'-namite which still had to be remedied, and which it

was doubtful if in the present state of knowledge could be

thoroughly set aside, was the danger of reducing it from a com-

paratively inert frozen condition to a state in which it could be

readily used. Accidents had repeatedly and even recently oc-

curred through the difficulty of introducing or enforcing simple

regulations for the thawing of djniamite, or for the application,

in a simple and safe way, of the heat necessary to reduce the

dynamite from a solid to a plastic condition in which it could be

readily used as an explosive agent.

In the case of gun-cotton, little experience in connection with

industrial operations could be added to that obtained previous to

the last twelve months. Certain defects still remained to be over-

come before gun-cotton could be effectually applied under every

circumstance as a blasting agent for industrial purposes. He might

mention, however, that while the gun-cotton trade had been at a

standstill, considerable progress had been made in the Government

factory in perfecting its production, and that some new points had

been worked out with reference to its application, which promised

to be fruitful of important results in naval and military operations,

and perhaps also in connection with the industrial uses of the

material. For example, it had been found possible, by incorporating

gun-cotton with considerable proportions of oxidising agents and

compressing the mixtures, to increase the exjilosive force of the

material and at the same time to reduce its cost. As a last point

he might notice that gun-cotton could be used in a very damp con-

dition as an explosive agent. It had been thought impossible to

use gun-cotton in a damp blasting hole, but it had been proved by
Mr. Brown, of Woolwich, that it was possible to detonate gun-cotton

even when thoroughly saturated with moisture—a condition in

which it was quite uninflammable by ordinary means—simply by

exploding it through the agency of a small priming charge of dry

gun-cotton fired by a detonating fuze. Charges actually immersed

in water, and with water intervening between the separate masses

composing the charge, had been exploded by means of a water-

proofed priming charge, and the results appeared to be in no way
inferior to those obtained in the usual way. He mentioned these

last facts as a few points of novelty since the Paper had been

written.

Mr. SoPWiTH remarked that the examination of gun-cotton as

an explosive material had come under his attention, and had been
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the subject of many experiments reported in I'arliamcntary Paperis.^

These were readily accessible, and were much more accurate

than any information he could give from recollection. The only

practical point to which he wished to direct attention, was that

in comparing the explosive force of different materials it was
extremely difficult to form a conclusion by experiments upon rocks,

on account of their great variety of structure, and therefore undue

inferences might be drawn Avhen the precise character of the rock

was not perfectly known. He wished, whenever further experi-

ments were tried, that some endeavour should be made to provide

a solid object, as nearly as possible, of uniform density and texture.

Such a material ho thought would give results more to bo depended

upon, and approaching nearer to geometrical accuracj^ than any

that had been yet found in the course of actual experiments in

mines and quarries.

Mr. J. G. C. C. GoDSMAN said there was one point he would

like Professor Abel to refer to in his re})ly. Many years ago,

when he was in the Navy, the interior of the guns frequently

became ' honeycombed ' by the action of the guni)owder then

in use. Some gutta-percha impressions of the damaged por-

tions of the present service guns had been recently laid upon

the table of the Institution, and he noticed, notwithstanding

the modern improvements in artillery and in the manufacture

of gunpowder, that the same process of ' honeycombing ' went
on. He attributed it to the action of the powerful acids, gene-

rated by the gunpowder, which Avere evolved at a high tem-

perature during its confined combustion. He should like, there-

fore, to hear whether or not the new explosive compounds

referred to in the Paper were free from that serious dis-

advantage ?

Mr. R. S. Fr.ANCE said he should be happy to give the Institu-

tion the benefit of any practical experience he had acquired

in the working of quarries in the use of various explosive

' Gun-Cotton.—Reports relative to the application of Gun-Cotlon to IMining

and Quarrying operations (House of Commons, 30th April, 1809), contains :

—

1. Report of Gun-Cotton Commission, on experiments made at Alknheads ou

Ordinary Gan-Cotton, in October, 186i.

2. Memorandum of the Results of experiments made by Mr. Sopwitli and
Mr. Abel in September, 1865, with Granulated and Compressed Gun-Cotton.

'6. Memorandum of the Results of further experiments made by Mr. Sopwith

aud Mr. Al>cl in February, 18G9, with Compressed Gun-Cultun fired by

Weans of delonaliuj primers.
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materials. Professor Abel had mentioned several explosives

adapted for mining and quarrying purposes, but it was a fact

that one, perhaps more, of those explosives, was prohibited from

use in this country by Act of Parliament.

Now to those who were in the habit of using many tons of

explosive agents, it was a matter of the highest importance

that they should bo at once powerful and safe to place in the

hands of quarrymen. This question of safety was, no doubt,

matter for discussion. The power of an explosive could not

be recognised without considering its relative safety; and so

far as theory had gone, the whole scientific opinion of the

country had been at fault. Professor Abel had laid down the

theory that gun-cotton was an absolutely safe explosive. That

opinion had been endorsed by Major Majendie and other gentlemen

of the War Office, and on the faith of it gun-cotton had been ex-

tensively manufactured and used. How far that opinion was correct

let the explosion at Stowmarket bear witness. Ho would go further

than the manufacture, and say his attention was called to the matter

by explosions in his own quarries. There, two men one hot day

were nearly blown to pieces while simply pressing gun-cotton into

the holes in the ordinary manner. The result was, his men would

not again use that material, and he was thiown back upon gim-

powder, which was not adapted to all the purposes of quarrying.

The accident happened early in the afternoon, and it was a singular

coincidence, that gun-cotton explosions had always taken place

between noon and 2 p.m. He had no pecuniary connection with

the manufacture of any explosive, and was solely interested, as a

quarry proprietor, in obtaining the best that could bo procured.

He must pay the highest compliment to Mr. Nobel for bring-

ing nitro-glycerine from a raw preparation into a condition

in which it could be safely used. It was just at the time

of the gun-cotton explosion in his quarries that the nitro-

glycerine preparation, in the form of Nobel's dynamite, was in-

tioduced, and ho wished to distinguish it from pure nitro-glyce-

rine. Undoubtedly, pure nitro-glycerine was the best explosive

that could be used in quarrying operations, provided only absokite

safety could be ensured in its transport; he would not say

storage, because he was not aware of any accident from storage

;

but if safety in transport could be secured, he believed it would

be found the cheapest and most effective. Unfortunately, hoAv-

ever, the accidents at Carnarvon and Newcastle had proved it to

be a highly dangerous material to transport, and a legislative

restriction on the transport of raw nitro-glycerine was properly
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coiibidercd necessary. Now it must be borne in niiiid that l*ro-

fessor Abel, as the Chemist of the War Office, was mainly instru-

mental in advising the total exclusion, not only of nitro-glycerine,

but also of its preparations, in lieu of which he advised the use

of gun-cotton. No inquiry was ever made into the alleged dangers

of nitro-glycerine preparations. The measure was taken up and

carried by the Government at the instigation of their officers.

It was said in the Paper, " This discovery led at once to

the production by Nobel of solid, or more or less pasty, pre-

parations of nitro-glycerine, which, under the name of di^Tiamite,

were first brought before the public in 18G7, and the most perfect

of which constitutes, as now manufactured, one of the safest, most

powerful, and most convenient explosive agents applicable to

industrial purposes."

'

He had observed that no evidence was taken before the

I'arliamentary Committee as to the desirability of passing the

prohibitory Act with regard to nitro-glycerine and its pre-

parations. The 15ill was hurried through Parliament. It came
before a Committee of the whole House at 3 a.m. But there were

not wanting at that hour, advanced as it was, representatives of

the mining and (quarrying interests, thoroughly informed of the

non-desirability, in fact the mischief, of passing so prohildtory a

measure with regard to new explosives. The question at last

came on for discussion, and arguments were raised on both sides
;

and it was at one moment rather doubtful which way the discus-

sion would go, when Sir John Hay read this letter from Professor

Abel :—

" Dear Sir Johx Hay,
Woolwich, lOth July, 18G9.

" In reply to your inquiries respecting nitro-glycerine, the

production and properties of which have been made the subject of

careful study and extensive experiment by me, I have to express

my firm conviction that such appalling accidents as that which
recently occurred in NVales, cannot be guarded against by the

enforcement of any measure short of an absolute prohibition of

the importation, transport, and storage of nitro-glycerine, or of

any preparation of that material. The explosion near Carnarvon

was but a repetition of catastrophes of similar nature which have
occurred within the last few years in other countries, and are

ascribable to the readiness with which nitro-glycerine explodes

when subjected to concussion or friction, especially if it be under-

going spontaneous change, to which it is very prone, however

' Vide Jliuutes of Pvoceedinga Inst. C.E., vol. xxxiv., p. 343.
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perfect the system of manufacture. No apprehension need be

entertained that the enforcement of prohibitory regulations

however stringent and complete, with respect to nitro-glycerine

and its preparations, would be detrimental to the interest of mine
and quarry owners. The discoveries recently made with regard

to the application ofgun-cotton as a blasting agent have placed this

material quite upon an equality with nitro-glycerine as regards

its jDower ; and there is this important difference between the two
materials. No effectual means are known of guarding against the

accidental explosion of nitro-glycerine, which must inevitably be

productive of fearfully destructive results ; while compressed gun-

cotton (the only form in which it is now manufactured) may be
transported with quite as much safety as gimpowder, and, if

ignited by any accident, produces considerably less destructive

results than even the latter material, because gun-cotton simply

burns without explosion, unless very strongly confined (as in guns,

shells, or blast-holes), or unless it is fired with a particular kind of

fuze. If proprietors of mines and quarries continue to cling to a

preference for nitro-glycerine or any preparation of it, such as the

substance called dynamite, for special kinds of blasting operations,

the explosive agent should be manufactured exclusively at the

particular localities where it is to be used, and only in such

quantities as are required from time to time, no reserve stores

being j^ermitted.

The preparation of nitro-glycerine is not a difficult operation,

and the above system is pursued in some localities on the Continent

where that substance is employed.

By introducing the restrictions above indicated with respect to

nitro-glycerine and its preparations, such accidents will still not

be guarded against, as occurred not long ago at Newcastle, conse-

quent upon the great readiness with which nitroglycerine freezes

(whereby it becomes much more sensitive to explosion by concus-

sion or a blow), and upon the generally dangerous character of the

material ; but these accidents and their disastrous results will

become confined to the localities where the nitro-glycerine is

actually used, although even then, others employed in or near

such works, may suffer through the instrumentality of those

who persist in having recourse to this fearfully dangerous ex-

plosive agent. I am, dear Sir John Hay,

Yours faithfully,

(Signed) F. A. Abel."

" Hear-Admiral Sir John Hay, Bart.,

M.P., F.R.S."
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Now the experiments which the War Office Committee made
at his quarries proved—and it was so admitted in the Paper

—

that nitro-glycerine, in its frozen state, was not sensitive to con-

cussion or explosion. But the Author now said dynamite was the

most satisfactory explosive that could be used. This matter

was to him and to other quarry proprietors of far higher

importance than the question whether Professor Abel had contra-

dicted himself within the last few years. It was of the highest

importance also to the community, because every fraction of the

material which came from the quarries was removed from the

solid rock by explosive agents, and it was eminently desirable

that they should not only be safe but economical. The question

of cost was one of considerable importance to those using explo-

sives. Let there be free trade in this as in other things, and let

it be proved by practical use whether the explosives were safe

or not.

He now came to speak of explosives as far as he had had exjie-

rience in them, and he was the only quarry proprietor to whom
some of the materials had been sent for trial. Taking them in

their order, gun-cotton was a fine and clean explosive, and did its

work very well, but it nearly killed his men in using it. Then
dynamite was at first prohibited, but he did not think a more

powerful or a safer' explosive could be manufactured. The
infusion of nitro-glycerine with earth made it compact for putting

into holes in cartridges ; whereas, in a liquid state, certain portions

of nitro-glycerine always adhered to the sides of the bore holes.

On that account Mr. Nobel's plan of forming it into cartridges

was a great improvement. Gunpowder was excluded from the term

explosives, from which it differed in action. When a bore-hole was
charged very tightly with gunpowder, it often acted as a cannon,

and the ramming was blown out. He would explain the term
' explosives ' by saying that if it were attempted to fire a ball

from a cannon with nitro-glycerine or gun-cotton, the cannon

would be broken into a thousand pieces before the ball reached

the muzzle. Dynamite was undoubtedly a great imju'ovement

upon raw nitro-glycerine, but while science went on improv-

ing the manufacture of explosives, he was sorry to say that

England could not lay claim to any of the inventions or improve-

ments. The seat of the invention of gun-cotton and nitro-glycerine

was in C4ermany, where patents were difficult to obtain, and where

considerable enterprise had been shown in making the necessary

experiments and trials. Dynamite was an improvement upon raw
nitro-glycerine, but it was faulty in some respects. Nitro-gly-
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cerine in a raw, or even in a compound, state was exceedingly

sensitive to cold, and remained frozen at a temperature of 50^.

He did not think it could be thawed under 60" or 70°. The

best mode of thawing he found to be by placing it in a heap of

horse-dung, and it was a less dangerous plan than thawing

it by fire. Eecently, near Carnarvon, two men were thawing

dynamite upon a hot stove, when it exploded and killed them.

It was desirable to guard against such an occurrence by the intro-

duction of a preparation not quite so sensitive to cold, and which

would stand the changes of climate better than dynamite. He
would like to see a committee of practical men belonging to the

Institution devote their attention to the subject, and he would

give them all the assistance he could in the use of his quarries and

materials in arriving at a decision.

The inventors of litho-fracteur had added to a dynamite compo-

sition a certain amount of explosive material, and reduced, not

only the quantity of nitro-glycerine, but also the proportion of

earthy matter. Dynamite consisted of 75 per cent, of nitro-

glycerine and 25 per cent, of infusorial earth. Litho-fracteur

consisted of 52i per cent, of nitro-glycerine, 22^ per cent, of

infusorial earth, and 25 per cent, of explosive mineral substances

which Messrs. Krebs had, up to this time, kept secret. When he

saw the account of what the Prussians did with litho-fracteur in

the late war, he assumed it would be serviceable in quarrying

operations, and, on his application, Messrs. Krebs sent over an agent

with some of the material. He had satisfactorily used it for nearly

two years, and he could not detect any diminution of strength in

consequence of the less percentage of nitro-glycerine. Now looking

to the mistakes scientific men had made in these matters, he was
not desirous to be thought a ' scientific man.' He believed as soon

as science was introduced in the working of quarries they would

cease to pay. Quarry proprietors must look after the safety of

their men, and must give them the best explosives. Whilst there

was no diminution of power in the litho-fracteur, it proved to be

an explosive more readily available under the vaiying conditions

of temperature. He had, during the month of October, 1872, on

several days fired holes with dynamite and with litho-fracteur,

the same means of detonation being used in each case, and the

litho-fracteur was unquestionably the stirest in exploding.

There were other modes of proving this. He had been asked to

go with the directors of an insurance society to the Bristol

Channel to blow up a vessel that had sunk there in a depth of

-10 ft. of water. He went with them, but, unfortunately, owing
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to the Government restriction, they had not enough litho-

fracteur, and had to make up the deficiency with dynamite.

The experiment took place last March, on rather a cold day,

when the dynamite sent down for the purpose was frozen and

useless. He looked round and saw some brick-yards about a

mile distant. The dynamite, about 3 cwt., was put on the

shoulders of six men, and carried to the brick-yards in the hope

of thawing it. The brick-kiln was too hot to be walked on,

and the wooden cases of dynamite, when put on the top, got so

hot that they could scarcely be touched; but paper being a

non-conductor of heat, and the cartridges being packed in paper,

though the wood outside was so hot the paper was not even

warmed. Upon this, the cartridges were unpacked and placed

upon the walls of the kiln, and after they were well warmed,

they were repacked, and the vessel was blown up with them. He
repeated that Mr. Nobel's preparation was a valuable one, but

he had to deal with a material extremely sensitive to cold, and

practical men wanted the explosive which would give the best

results with the least risk and trouble.

There was one other explosive he had been using for the last

month, called ' pudrolythe.' It was a simple-looking substance, but

it was a remarkably good explosive, better than gunpowder, gun-

cotton, dynamite, or litho-fracteur, or any other explosive he had

used, under certain circumstances ; but those circumstances were

so exceptional, that it was difficult to use it to any great extent.

If a hole, perfectly tight, and sunk in very hard rock, could be

ensured, with no chance of any of the material escaping, then

pudrolythe was the safest and best explosive, because it had

not the tendency that gun-cotton and nitro-glycerine possessed of

shatterirf^ particular classes of stone.

The application of gun-cotton or nitro-glycerine to homogeneous

stone shattered it so that it entailed much loss ; whereas an

explosion of the pudrolythe, owing to its slow burning, lifted up

the Avhole mass of stone and dislodged it. He hoped the general

interest evinced on the subject would lead to improvements, and

he believed that with fair play explosives would be improved

;

but so long as manufacturers were hampered by Government

restriction, there would be no progress. He thought it was no

concern of the Government if quarry proprietors chose to blow off

their own heads. Such fatherly legislation should be reprobated :

let there be fair-dealing and no favour.

Major Beaumont, M.P., IJ.E., said he shoidd not touch upon the

chemical aspect of the question, because that was a subject with



12 EXPLOSIVE AGENTS.

which he did not profess to be acquainted, hut on the practical

working of explosives. There was no desideratum connected with

mining which was likely to receive satisfactory solution at the

hands of scientific men of more importance than the manufacture

of safe and efiicient blasting agents. The question of applying

machinery to the driving of drifts was one apart from this

;

but as soon as the holes were made, it was necessary to have

recourse to explosives as the only means by which the j-ock

could be shifted. When a given number of holes were put

into a heading, the powder was only able to shift a certain

amount of rock; the position of the holes might be altered for

the purpose of attacking the rock to more advantage ; but it

was obvious in any case, the increased efficiency given bj^ more

powerful explosives—even with hand labour—must have greatly

accelerated all mining operations. In the case of machine-

drilling, it would be more obvious than in the case of hand-

boring, as the position of the holes was less readily changed ;

therefore any means by which the power of explosives could

be improved, very materially assisted industry in connection

with mines ; and he thought he was in a position to say that

was practically the case. With the use of any of the powerful

explosives under discussion—whether it were gun-cotton, dyna-

mite, or litho-fracteur—it might be calculated that a gallery

could be driven 25 per cent, quicker in hard rock than where

gunpowder only was employed. With machine-drilling, the

difference would be from 30 per cent, to 50 per cent, in the

increase of speed— irrespective of that due to the use of ma-

chinery—and where a material could be employed as powerful

as pure idtro-glycerine, he had little hesitation in saying the

difference would bo much greater.

He woiild give results of his experiments with reference to gun-

cotton, dynamite, and litho-fracteur. His experience had been con-

fined almost entirely to tunnel-driving by machinery, and therefore

he had been compelled to use these explosives ; and he did not think

he had fired any holes, made by machinery, with poAvder, He
commenced with gun-cotton, the material in the market at the

time, and the results were such as to show he had not over-

estimated the value of that explosive in his calculation of increased

progress of the work, namely, from 20 per cent, to 30 per cent.

The gun-cotton was made by Messrs. Prentice, under the patent of

Professor Abel. Ho found it simple to handle, and he believed it

was less dangerous to transport than gunpowder. It did not require

to be kept drier, but although it shifted a greater amount of rock,
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it W.1S more expensive. The question was, whether the extra cost

was, or was not, compensated for l)y the extra speed of the work,

a matter which wouhl depend on the circiimstances of each case.

He thought he conkT shift a larger amonnt of rock with a given

value of gunpowder than of gun-cotton ; hut it would take a

longer time.

The diamond drill he used made a cylindrical hole, true to the

J^ of an inch. It was important that there should be no air-

space between the blasting agent and the rock, so that the charge

should completely fill the hole. Messrs. Prentice made some gun-

cotton charges, the successive diameters of which varied by
-J-
of an

inch, and the cartridges had therefore to be jammed into the hole,

when the diameter of the latter was in excess of that of the cartridge.

In nine hundred and ninety-nine cases out of a thousand the

results were satisfactory ; but the time came when, in forcing

the cartridges into the holes, an explosion took place. Unless

the ramming was very violent, according to the theory of the

action of gun-cotton under such circumstances, it ought only to

burn. In some cases the gun-cotton, in being forced home, had done

so, but in others it exploded with a violent detonation. With
precautions against this source of accident, he thought it might be

safely used, as it Avas quite equal in explosive qualities to litho-

fracteur or dynamite.

The explosion at Stowmarket resulted in throwing gun-cotton

out of the market, and in extending the use of dynamite, which,

being uninfluenced by water, could be employed in shafts and

headings without water-proof cases, and, being plastic, could be

squeezed into the holes so as to fill them entirely, by which means
the difficulty with gun-cotton in the cylindrical form was got

rid of. The explosive force of gun-cotton and dynamite was about

the same ; and the smell, as far as he knew, was as powerful in the

one as in the other ; but a person could retire in time to prevent

any bad consequences. He had been in headings where the men
worked for a considerable time together, and they would not

take the trouble to lead a pipe from an adjacent air-supply to

bring up fresh air ; in fact, the smell need be no bar to the

use of these materials in headings ; but at the same time, it

was necessary to supply some special means of ventilation.

When machinery was worked by compressed air, nothing

else was necessary. The only opportunity he had of trying

litho-fracteur was in experiments made by Mr. France, who fired

two or three shots in a heading, driven by the Machine

Tunnelling Company at Wigan. The trial was not sufficiently
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extensive to enable him to speak with confidence as to the

relative power of the material, because a single trial was not

enough to judge by, and the circumstances of each case were so

different, that half a ton of explosives might be used before an

opinion could be formed as to the relative valvie of each. He
believed litho-fracteur to be, for practical purposes, fully as power-

ful as dynamite and gun-cotton ; and as far as he could judge, he

did not think there were was any decided difference between the

three. Whether the component parts of litho-fracteur were as

permanently blended as in dynamite he would not say ; but he was

inclined to believe that the nitro-glycerino in the former was not so

well held as it was in the latter ; and, consequently, if he had a

coiiple of tons of litho-fracteur to store, he should look more

carefully to see that there was no exudation, than in the case

of dynamite. Exudation was the real source of danger in this

class of material. Perfect litho-fracteur or perfect dynamite, he

believed would, under ordinary circumstances, be safe ; but

if they remained for a length of time in store, or were subject

to the shaking of railway travelling, danger might be anti-

cipated.

He had used dynamite at Bristol in the construction of a tunnel

for the Great Western and Midland Eailway Companies, and one

difficulty experienced in using it consisted in the fact that it froze

at a temperature higher than the freezing point of water. To
overcome this difficulty, tin cases were made with double linings,

the cases being put in connection with the exhaust pipe of an

engine, so that the tins were kej)t hot without pouring water into

them. At that time he had no idea that any danger would be

likely to arise from this process : he had believed that while the

temperature was not above 212^, the dynamite would not exj)lode,

but he had to alter that opinion. The tin was about 2 ft. long,

11 in. wide, and 11 in. deej) : and it held sufficient cartridges for

two shifts. The cartridges were supposed to be cleared out at the

end of each shift or firing ; but it transpired on one occasion that

two or three cartridges having been left in for an indefinite time,

exploded. The amount of material was only of the value of 9s. or

10s. ; but the engine-house, built of wood, was blown down; and

the windows of houses on the opposite side of the road, about

150 yards distant, were driven in. Fortunately, no lives were lost.

It was concluded that the dynamite, having been left in the tin for

a prolonged period, and having been thereby subject to alternate

raising and lowering of temperature, had been decomposed

;

a change aided, perhaps, by the dynamite touching the metal
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of the case, and producing spontaneous combustion. Under such
circumstances it did not burn, but went off ^vith a violent de-

tonation. Afterwards he gave orders that the dynamite shoukl

be thawed with water poured in at a lower temperature than
212^, and that only immediately before the charges were used

;

he also directed the tins to be lined with felt. It was most
desirable to determine in an authoritative manner the dangers

incidental to the use of explosives ; as it was a matter of extreme
importance for practical men to have the best it was possible to

produce. It was no use to say the chemist was able to prepare

safe compounds in his laboratory if they could not be emploj'ed liy

practical men. One reason against the use of djTiamite was that

the railway companies would not carry it. When he wanted a
ton he had to cart it, however distant, to the place of destina-

tion. He was of opinion that it was less dangerous than gun-
powder, both to transport and to store. It was clearly the duty of

the Government to take such action as should determine whether it

was, or was not, a dangerous material to carry. The question

submitted to the late War Office Committee referred only to litho-

fracteur; but the inquiry should have included in its scope the
whole question of explosives. If any new compound of that

nature was invented, it should bo experimented and reported upon,

so that the real danger in carrying, or storing, it might be known.
As a Member of Parliament, he would do his best to urge that

course upon the Government.

]\Ir, Perry F. Nursey said that whatever objection might be
taken to some of the clauses of the Act—and some of them were
open to objection—he considered it to be, as a whole, one of the

most salutary acts that had ever been passed. At the time of its

introduction, explosions of nitro-glycerine, attended with disastrous

results, had occurred in England, Wales, the United States, Australia,

the West Indies, and other places. It was therefore necessary, for

the public safety, that restrictions should be placed upon the trans-

port, storage, and use of that dangerous though highly useful

compound. At that time, however, science was developing new
combinations of nitro-glycerine and other substances, the effect of

which was to reduce, if not to remove, the danger attending the

use of nitro-glycerine compounds. Mr. Nobel especially had con-

trolled the power of nitro-glycerine in his dynamite, and Messrs.

Krebs had effected a similar object in their litho-fracteur. The
Act of Parliament in question specially provided that if it could

be proved to the satisfaction of the Secretary of State that any
nitro-glycerine compound could be transported, stored, and used
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with safety, then, that he shmild authorize its introclnctioii for

industrial and other purposes. That was the point which shoukl

1)0 explained to those who were anxiously desiring a powerful and

safe explosive for the prosecution of their works, and to those who
were under the impression that the Act utterly prohibited the

introduction of those compounds. That it was not so, was proved

by the circumstance that the Government not long since had

granted a license for the manufacture of dynamite and of Horsley's

blasting powder. The War Office Committee on explosives had

reported unfavourably upon litho-fracteur with regard to two
points—the exudation of nitro-glycerine under heat, and the ready

dissolution of the compound in water. In practice, no case of

exudation had ever been met with, but it was conceivable that a

slight supersaturation had taken place in the manufacture of

the samples experimented with by the War Office Committee,

which would result in exudation under heat. But steps had been

taken to prevent the possibility of any recurrence of the defect,

and that, coupled with the fact that ready dissolution in water

had been overcome hj substituting nitrate of baryta for the nitrate

of soda previously used, led to the expectation that, at no distant

period, the Government would sanction the introduction of litho-

fracteur as it already had, that of other nitro-glycerine com-

pounds.

Turning to the immediate subject of the Paper, he would refer

to the statement made by the Author, that litho-fracteur was a com-

pound of nitro-glycerine, 52 parts ; siliceous earth and sand, 30

;

powdered coal, 12; nitrate of soda, 4; and sulphur, 2. That

was not the exact composition of litho-fracteur, Avhich consisted

of 52i parts of nitro-glycerine, 22^ of kieselguhr or infusorial

earth, and 25 of other explosives. What those other explosives

were would shortly be known to the public, as litho-fracteur

had recently been patented in England. The Author also stated,

that with respect to power, it was difficult to conceive that a consi-

derable proportion of the nitro-glycerine contained in dynamite

could be advantageously replaced by a crude explosive mixture,

less powerful in its action than that liquid. Mr. Nursey would

not combat that statement with his own opinion and ex-

perience, but would meet it by an extract from a " Eeport on

Litho-fracteur, &c., from the Engineer Company of the Guards

under General von Kamecke, President." The report was issued

by the Prussian Government, and bore date the 18th of No-

vember, 1869. It concluded with the following resume. " The
advantages of litho-fracteur over dynamite and dualin consist
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especially in the fact that, relatively to the other explosives

naraed, it possesses the greatest power in the smallest bulk." The
Author further stated, that with regard to safety, it was obvious

that the ready susceptibility of a particular nitro-glycerine pre-

paration to explosion, by blows or concussion, was likely to be in

direct proportion to the amount of nitro-glycerine which it con-

tained. That being the case, it followed that as litho-fracteur

contained only 52i per cent, of nitro-glycerine, whilst dynamite
contained 75 per cent., the former compound must possess the

element of safety in a higher degree than the latter.

As regarded the application of violent explosives to industrial

purposes, three conditions mainly had to be met by any sub-

stance which might be utilized for that purpose : the first was
safety, the second power, and the third economy. He had
both made and attended numerous experiments with various

explosives during the last six or seven years. Many of the com-
pounds promised well, but practically, gun-cotton, dynamite
and litho-fracteur, were the only violent explosives which had
outlived experiments, and had become recognised agents in the

prosecution of industrial enterprise. The experiments and prac-

tical trials to which he had referred had established the existence

of the three conditions already named. In July, 1868, Mr. Xobel
carried out a series of experiments with dynamite at the Merstham
quarries, illustrative of those points; several charges were fired in

the workings, which gave excellent results, such as put into the

shade the ordinary performances of gunpowder there. Perhaps the

most striking experiment was that made with a cylindrical block

of wrought iron 11|- in. diameter, 12^ in. long, and bored through

the centre with a hole 1 in. diameter. The hole was filled with
dynamite, about 7 oz. or 8 oz. being used, and when exploded,

the cylinder was split in two, one-half being thrown 80 ft. in

one direction, where it was stopped by a rock, and the other

half in an opposite direction, being stopped 50 ft. away by
£l railway bank. A singular circumstance in connection with that

experiment was, that on examining the iron after the explosion,

the bore hole was found to be enlarged to 1| in. at the centre,

tapering to the original diameter at a distance of about 3 in.

from the ends. The bore was not plugged, and the explanation of

the enlargement probably was that the explosion, although practi-

cally instantaneous, commenced slowly at one end, where a portion

of the charge was exposed to the resistance of the atmosphere only
—its intensity gradually increasing as it neared the centre, where
it reached its maximum, and as gradually declining towards the

[1872-73. N.S.] u
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other end of the bore which was oj)en to the atmosphere. The

area of metal thus torn throiigh was about 120 square inches.

A great number of experiments had been made during the past

two years with litho-fracteur, with the view of demonstrating its

safety and strength, and its applicability to industrial purposes.

It had been proved to be safe under all ordinary, and many
extraordinary, conditions. It had been subjected to a temperature

gradually increasing to 374°, when it merely smouldered away ;

it had been tried in various ways under the condition of a railway

collision, by being jammed between railway trucks descending,

unchecked, an incline 500 yards long, with a gradient of 1 in 8 ; it

had been thrown from great heights, and burned in confined

spaces without any explosion occurring. Its power had been

illustrated in the workings at Mr. France's quarries at Nantmawr
and Breidden, where, in one instance, about 20 tons of limestone

were brought down with 17i oz. of litho-fracteur. As a proof

of its great energy, two double-headed rails, 4 ft. 6 in. long,

weighing 75 lbs. to the yard, were laid on each other, side upper-

most, the ends being supported on timber bearers 18 in. high,

the rails having a bearing of 3 ft. 6 in. On the top of the rails in

the centre, was placed 1 lb. 5 oz. of litho-fracteur tamped with paper

—the wrappers of the cartridges—and five pieces of old railway

sleepers. The explosion made matchwood of the sleepers, hurling

the fragments in all directions, and breaking both rails ; the halves

of the rails were thrown some distance apart, and a depression or

basin was blown out of the ground under the line of the explosion.

The combined area of metal severed in the two rails was 17*2

square inches; a wrought-iron girder, having 17 square inches

sectional area, placed in a similar position, would require about

100 tons to break it, so that it was clear an enormous power was
developed by the 21 ozs. of litho-fracteur exploded in an uncon-

fined condition on the rails. Numerous experiments had been

sxaccessfully carried out under water with litho-fracteur, which
illustrated its usefulness and reliability in sub-aqueous operations.

Another instance of the absolute amount of work done with a

definite quantity of that compound recently came under his notice

in some blasting operations at the porphyry quarries of Quenast,

in Belgium. Two holes, 5 ft. deep, and 2 in. diameter, were

bored vertically into a plateau of the hard graystone rock.. The
plateau, which was of irregular shape in plan, measured 32 ft. long

by 25 ft. wide, and the holes were charged respectively with

1 kilogramme and 1^ kilogramme of litho-fracteur tamped with

water. The explosion displaced about 40 cubic inches of rock, and
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cracked and rent the plateau throughout its entire length and
breadth, for a depth of 10 ft. down to the bottom of the quarry.

Practical work had been done with litho-fracteur for the past five

years in Germany, during which period it had been used for

industrial and engineering, as well as for military purposes, with-
out any accident occurring. It was, in fact, perfectly safe, as was
also dynamite, except where carelessness or foolhardiness brought
about disaster. The only danger was in the preparation of the
nitro-glycerine for dynamite, from which, he had been informed
by Mr. Nobel, accidents had resulted. In preparing the nitro-

glycerine for litho-fracteur, Messrs. Krebs had introduced a new
principle which insured immunity from accident, and no casualty
had occurred at their works during the five years they had
been in operation. The boring of the St. Gothard tunnel was
to be carried out by means of litho-fracteur, 25 tons having just

been ordered for that purpose. The extent of the work, and the
hardness of the ground, might be inferred from the fact, that it

was estimated by the engineers that at least 1,500 tons would be
required to complete the work.

Mr. C. Douglas Fox thought it might be interesting to the
members to see the result of the experiment with dynamite at

Merstham to which reference had been made, and he had therefore

placed upon the table the piece of wrought iron which had been
torn asunder as described. He had also brought a piece of plate

iron, into which, during the same exj)eriments, a tin canister had
been driven in small fragments by the explosion of the dyna-
mite.

Major Majendie remarked, in regard to what had been called
" paternal legislation," and especially in reference to the allegation

that, " it was no concern of the government if quarry proprietors

chose to blow off their own heads," that such a view of the ques-

tion was really altogether beside the issue. As a matter of fact it

was not the heads of quarry masters that were blown off, but those

of their unfortunate workmen. He was not aware of a single

accident having occurred to the person of a quarry proprietor.

The sufferers in a recent accident near Carnarvon were the

foreman and workmen. The people imperilled by the accident

referred to by Major Beaumont, and by the accidents in Corn-

wall from the explosion of dynamite, were not the mine or

quarry proprietors, but the workmen ; while the persons blown to

pieces by the accident near Oswestry were four workmen and
two little boys. It seemed to him if the workmen were the persons

who suffered, they would be the proper parties to contend for

c 2
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free trade in self-immolation. But even supposing they as a

body said, " We object to this legislation ; we don't want to be

interfered with ; we will take the risk ;" that would not be

sufficient ground for the absence of all restrictive legislation.

The public had surely some voice in the matter, for it would be

anything but safe to have free trade in the manufacture and transport

as well as in the use of explosives. One of the great dangers with

nitro-glycerine was in its transport, that was to say, outside the

quarries altogether. In the accident at Colon, where about forty

lives were destroyed, and in the accidents at Carnarvon and

Newcastle, the occurrences were entirely independent of the

working and use of these explosives, but were occasioned solely

in their transport. The position in which the factories ought

to be placed, in respect of the isolation of the buildings and

the protection of the workmen, should also be considered, and

the manufacture and storage ought not to be carried on inde-

pendent of all restriction. The public had a right to require

that no manufactory of explosives should be established without

sufficient isolation from habitations; and if these materials were

to be carried along the public highways, they had a fair right

to ask for due protection from the consequences of accident in

the transport. As a matter of fact the public appreciated these

things very keenly, and if they had their own way with regard

to explosives, the restrictions would really be more severe than

any that had jet been applied. Take, for example, the action

of railway managers. Major Beaumont stated he was precluded

from using certain kinds of explosives, not because of legisla-

tive restrictions, but because the railways refused to carry

them except at prohibitive rates. Major Majendie had collected

the presentments of eleven coroners' juries within a few years, in

which they had urged the necessity for strong measures with regard,

to the manufacture, transport, sale, and storage of explosives ; and
all who had witnessed an explosion, or had seen the victims of

it, were compelled to believe that there was another view of the

question, quite distinct from that of the quarry proprietor. In

short, it was useless to argue that there should be free trade in

explosives because the non-use of explosives interfered to some

extent with mining operations. But while he thought restrictive

legislation was necessary with regard to these materials, he

was prepared to define the limits to which restrictive legislation

should go. These limits were correctly laid down by Sir George

Grey, when, in 1864, he directed Colonel Boxer to make inquiries

with a view to amended legislation. Sir George Grey then stated
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that restrictive legislation in trade was to be justified only by
considerations of public safety. He thought that dictum was
perfectly correct. Eestriction in trade was bad in itself, and

ought only to be adoj)ted to remedy something worse, which could

not be remedied in any other way ; and he thought if that prin-

ciple was applied to the existing legislation as to preparations of

nitro-giycerine—which was an extreme example of legislative in-

terference—it would be found that the Nitro-glycerine Act satisfied

the test. It was necessary, within reasonable and moderate limits,

to restrict the use of explosives, and up to the point of public

safety it was clearly necessary that legislative restriction should

be adopted with regard to them.

Mr. A. A. Langley said he had no interest in any quarry nor in

any patent relating to explosives, but he had used gunpowder,

gun-cotton, and nitro-glycerine in carrying out extensive mining
operations. He let the work to the men " by the piece," they pro-

viding their own stores, powder, gun-cotton, &c.

He invariably found that the miners used gun-cotton in slate

rock, which he considered the best proof that they were enabled

to make most progress with it. From his own experience he had
no hesitation in stating that its use effected a great saving in

labour in mining operations in slate rock, such as driving headings

or levels. It was a common practice with miners to drill a

hole about 2 ft. deep, and to charge it with two or three car-

tridges of compressed gun-cotton, each about 1-J in. long, and
about ^ in. diameter, and then to add a layer of about 2 in. of

ordinary blasting powder. On one occasion he drove by hand,
using gun-cotton, a level 7 ft. high by 7 ft, wide, in slate rock,

22 lineal yards forward in one month, and he had not heard
that a greater progress had ever been made without boring

machines. Gun-cotton, however, was not applicable to quarrying
sliite blocks for manufacture, being so sudden in its action that

it cracked the rock and rendered it worthless for slate making.
"He believed it to be quite as safe as ordinary blasting powder
when the men were accustomed to it.

He had used oil of glycerine in flint and other rocks of that
description, and he believed a saving of at least 20 per cent,

or 30 per cent, was effected in some cases. But it was impossible

properly to compare the value of one explosive with another, unless
the description of work performed was also taken into account.
What was suitable for one rock might be bad for another. It

depended upon the nature of the rock, the number and direction

of the joints, and the manner in which the mining had to be
carried on.
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He believed if railway contractors would turn their attention

more to these matters they might often effect a considerahle

saving in tunneling by the employment of gun-cotton and other

explosives of a similar nature.

Mr. T. Masox said he wished to give a brief history of the

manufacture and use of a new explosive called ' pudrolythe.' The
advantages claimed for it were, that it was safe when surrounded

by the atmosphere, and, unless tightly tamped, would not explode
;

that it was considerably cheaper and one-third more powerful

than gunpowder, and that the sj'stem of manufacture was easy
;

that there was, comparatively, an absence of smoke on explosion

;

that water would not spoil it—for when dried on a hot plate, it was

just as good as it was previous to being wetted ; and that no

deleterious gases were emitted by the explosion. He was confirmed,

in these statements, by certificates from distinguished Belgian

chemists and engineers, and in Belgium there was no hesitation

on the part of railway managers to its transport as ordinary

traffic. It had received the approval of Mr. Hayward of Car-

narvon, where the dynamite explosion had taken place, who stated

that he considered pudrolythe was the best explosive yet intro-

duced. Mr. Mason had witnessed numerous experiments with it

by Mr. George Farren, Assoc. Inst. C.E., the manager of the Welsh
Granite Company, the results of which he submitted to the

Meeting. Understanding that the powder he had first received

had been made some time, he thought it might possibly require

keeping to improve by age, and with the view of testing this

question he arranged it in four distinct parcels, for experiment, on

different kinds of rocks, at Lord Penrhyn's quarries, and he found

that within fifteen minutes after mixing the compound it exploded

a charge. A like course was adopted on the following day at the

Festiniog Quarries. The experiments were also carried on under-

ground for four hours within a distance ofhalf a mile, in the Lisborne

Lead Mine, Aberystwith, and the workmen unanimously said the

smoke generated was not so great as from gunpowder, and that it had

no ill effect upon them ; that particular course of trials was com-

pleted at Llanymynech Lime Rocks, all the experiments result-

ing satisfactorily. Similar reports had been received from Corn-

wall.

The material consisted of 3 parts of nitrate of soda, 3 of

nitrate of baryta, 3 of spent tan, 5 of sawdust, 12 of sulphur,

8 of charcoal, and the balance of one hundred was made up
of nitrate of potash. It was used in the same way as ordi-

nary blasting powder, and the charge was rammed down with
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an iron bar, as pudrolythe would not explode by fire from flint

and steel, nor by concussion. It might be struck on an anvil

without exploding. As compared with ordinary blasting powder,
only two-thirds the quantity of pudrolythe would be required.

If slate was to be removed bodily from the bed, the hole was
lightly filled with the powder, or the strength of the charge
reduced, when, instead of shattering, it would lift the rock directly

off the bed. Greased cartridges were used when the holes were
wet, and a particular form of cartridge to exclude the atmosphere
when the holes were faulty.

Mr. C. J. Appleby had seen nitro-glycerine used in larger

quantities than had been spoken of. At Harling there was an old

sunken jetty which it was necessary to remove. It had been
constructed in a depth of from 10 ft. to 15 ft. of water. The
parties who took the contract brought their plant to the spot,

consisting of two large dredgers, with apparatus for drawing piles

;

but the piles were so worm-eaten that they broke off, leaving the

stumps, which injured the buckets, and gave them very great

trouble. After they had been at work for six or eight weeks it

was resolved that they should blow the jetty up piecemeal, and
take away the fragments by degrees. Both dynamite and litho-

fracteur were used in the first instance, but it was found that a

better result was obtained from litho-fracteur than from dynamite,

and, in consequence, dynamite was abandoned and litho-fracteur

used entirely thioughout the remainder of the work. The mode of

working adopted was suggested and carried out by M. J. J. van
Eietschoten. About 10 lbs. of litho-fracteur were put into an
ordinary wooden box, the centre cartridges having detonating

fuzes attached to them. The box was slid down a pile and
was held by a pole at the point where the explosion was required.

They generally fired from five charges to ten charges per day.

Sometimes they had a miss-fire, in which event they simply

lowered another box of litho-fracteur on the top of the first, and,

.when fired, both shots were heard and felt. Adopting the litho-

fracteur for the removal of the jetty had proved a complete success,

and the work was executed for one-half the money and in one-tenth

of the time estimated.

Mr. Orlando Webb said that a statement had been made that,

in consequence of the great diversity of the structure of rocks,

the only way to arrive at a practical conclusion on the value of

explosives was from actual results. He chanced to have obtained

the statistics of driving a railway tunnel with gunpowder, gun-
cotton, and dynamite, to which he would briefly refer. The distance
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driven in a given line with gunpowder was 8 yards forward, with

gun-cotton 14 yards, and with dynamite 15 yards. The quantities

used of each explosive were—for the 8 yards with gunpowder,

756 lbs. ; for the 14 yards with gun-cotton, 169 lbs. ; and for the 15

yards with dynamite, 165 lbs. The tunnel was an ordinary railway

tunnel. The number of bore-holes or shots per yard was 31 with

gunpowder, 18 with gun-cotton, and 17 with dynamite. Taking

the value of gunpowder at £2 per barrel of 100 lbs., it gave 4^d.

per lb.; gun-cotton, at £10 per cwt., gave Is, 10(Z. per lb.; and

dynamite, at £10 10s. per cwt., gave Is. lOhd. per lb. For 15 yards

the cost of each of these explosives would be, with gunpowder,

£28 7s. ; with gun-cotton, £16 12s. ; and with dynamite, £15 9s. M.
In every respect, including labour, dynamite had a slight advantage

over gun-cotton ; but each had a decided advantage over gun-

powder. Mr. Nobel calculated the relative powers ofnitro-glycerine,

dynamite and gun-cotton to be—nitro-glycerine, 1; dynamite, 0*72;

and gun-cotton, 0*69.

In an experiment made before the Gun-cotton Committee, at

which he was present, a piece of iron was cut off the end of a

shaft of a steam-engine; the diameter was 15f in., and the depth

9 in., and this was bored with a hole If in. diameter. That

hole was filled with dynamite, without tamping or closing at

either end, and the effect of the explosion was to rend the iron

in two, and to throw the portions a distance of about 12 yards,

one of the pieces being carried up a bank 1 2 ft. high. The power
of dynamite, therefore, could not be questioned.

It was a fact beyond dispute that dynamite had been carried in

Germany and in this country to a great extent—in Germany to

the amount of hundreds of thousands of lbs., and for thousands of

miles. In this country it had been carried in common carts hun-

dreds of miles in large quantities, and no accident had been known
to take place either in transport or storage. He produced before

the Gvm-cotton Committee some cartridges of dynamite which had
been in his possession since 1868 ; and, considering the material

was of a highly pasty character, it retained that character in a

most remarkable degree. He could not discern the slightest dif-

ference in the appearance of the material from the time it was
imported, in 1868, down to that time, 1872,

He thought that the restrictions in respect to explosives had not

been instigated by the Government. The Nitro-glycerine Bill was
introduced into Parliament by Mr. Alderman Lawrence, M.P., and
by Mr. Graves, M.P. It was a notorious fact that nitro-glj^cerine

in its liquid state had been imported into the city of London, and
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carried along the streets of Liverpool ; but in this condition it was

most Tinqiiestionably a dangerous article to transport, and therefore

it was not unreasonable that those gentlemen should promote a Bill

for the object of protecting both lives and property in the port

and city of London, and in the port and town of Liverpool. That

Bill was brought into Parliament late in the session, and in the

month of August was re-committed in the House of Commons at

3 o'clock A.M. He wished to point out that it was partial and

unreasonable in its provisions, and that gun-cotton, although more
sensitive to percussion than dynamite, was not referred to in the

Act, but the restrictions were confined to nitro-glycerine and dyna-

mite. With reference to the accident which had been mentioned

as having lately taken place at Wein Fawr, it did not appear to be

known that the proprietors were not aware that dynamite was
being used in their quarry. The foreman of the quarry, who was
killed, had himself obtained the dynamite, and had used it most

improperly, heating it at a cast-iron stove, in opposition to the

printed instructions to the contrary.

The Paper was very fair and correct in most of its statements
;

but there was one point which had been omitted. Eeference

had been made to the quality and power, weight for weight,

and to the difficulty there was with regard to gun-cotton being

rigid, and not capable of being formed so as exactly to fit the

bore-hole, while, on the contrary, dynamite, from its soft, plastic

character, left no vacancy or interstices; but this circumstance

had been lost sight of, that dynamite was much heavier than

gun-cotton, so that more force was concentrated in a small space

with dynamite than with gun-cotton.

The power of tutonite, which was no doubt a valuable produc-

tion, was far inferior to that of dynamite. He might state, in

proof of this, that when Mr. Hayward made the experiments at

Carnarvon which had been referred to, there was a piece of cast-iron

lying with a hole in it, weighing about 3^ cwt. Some tutonite

was put into it, and it fizzed and burnt, but the iron remained

uninjured. He afterwards put a cartridge of dynamite into the

same hole, and it blew the iron to atoms.

Mr. S. P. BiDDKR, through the Secretary, desired to make a few

remarks in reference to the use of gun-cotton for blasting mines

and quarries. In 1863, Messrs. Prentice brought out their patent

gun-cotton, made in accordance with Baron Lenk's process. It

was formed into ropes of various diameters from ^ in. to 3 in.

These were cut into pieces 6 in. long. So far as strength was
concerned, this explosive worked very well.
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In 1867, Professor Abel introduced compressed gun-cotton, and

the demand for it was steadily increasing up to tlie time of the

Stowmarket explosion in August, 1871. The advantages claimed

for this explosive were its great power, its portability, and its

safety in working.

The many severe and fatal accidents with gun-cotton could all

be traced to the carelessness of workmen disregarding a few

simple printed rules. They had been clearly accounted for in the

official inquiries that followed ; and he was not aware of any
accident that could not be traced to neglect. The agent for the

manufacturing intei'est in North Wales generally carried some

compressed gun-cotton in his pocket, feeling satisfied that it would
not explode if accidentally ignited.

He had recently carried out a series of experiments with gun-

cotton in some coal-mines in North Staffordshire, and the result of

these experiments proved that it could be used for blasting coal

with great advantage. There was almost an entire absence of

flame ; the cartridges were portable, and could easily be divided,

to suit the various thicknesses of coal to be blasted. Further

experiments were made in stone-drifts with the following results,

as regarded the relative efficiency of gun-cotton and gunpowder :

—

Gun-cotton always took the rock out to the bottom of the hole,

and frequently from a lower point : gunpowder seldom broke down
to the bottom, especially in very hard and jointless rocks. Again,

gun-cotton was six times more j)owerful than gunpowder, and
the blast-holes might be drilled to a greater depth and bo placed

further from the face of the rock ; consequently a larger quantity

of material could be removed without additional cost of boring:.

Gunpowder applied in this manner would not work unless the

holes were of great diameter, to allow a sufficient quantity to be

inserted. The tamping would be too short, and would probably be

blown out, perhaps breaking the upper part of the hole and
leaving the lower portion unbroken.

He had recently inspected several of the largest quarries in

Wales, and found that gunpowder was the explosive in use without

a single exception, because gun-cotton could not be obtained,

although the quarry proprietors were quite willing to pay a large

price for it. Dynamite was at hand, and the men had permission

to fetch it from a neighbouring store, but they seldom used it.

To show the confidence the men had in gun-cotton, one of the

quarrymen, in reply to an inquiry, said, " When the cotton got

wet, he put it in the sun to dry ; but when there was no sun he
look it to bed with him and slept upon it, and by the morning it
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was nicely dry." At the time of the Stowmarket explosion sixty

quarries in Wales, employing sixteen thousand men, were supplied

with gun-cotton.

Nitro-giycerine was the strongest explosive known, hut the un-

certainty of its action was a barrier to its employment. Several

accidents had occurred in England and Wales, on the Continent,

and in America, which had been destructive to life and property.

It laboured under a double disadvantage, as both the full and the

empty packages were dangerous to handle. He would enumerate

a few instances. The exj)losion which took place at Newcastle,

when the Mayor of the town was killed. At Mr. Darbishire's quarry

near Carnarvon, a slight leakage had occurred in a sheet-iron slate

truck in which nitro-glycerine, packed in tins, had been taken up.

Before loading it with slates the nitro-glycerine was carefully wiped

up, and some hot ashes put upon the place so wiped ; but the men
being still dissatisfied, before loading, retired behind a wall and
threw a piece of slate into the truck, when a terrific explosion

took place. A parcel of nitro-glycerine was delivered at Lord
Penrhyn's quarry; one of the tins leaked, the material si^reading over

the bottom of the cart ; on returning home the cart was blown up.

An empty can, picked up by a workman at Festiniog, was taken

home, under the impression that there was oil in it. It was put by
the fire, but as nothing was found it was thrown under the grate,

when it exploded, injuring the workman and his wife and blowing
the windows out. A man at Llanberis struck an empty can with his

foot; his leg was blown oif. Another was killed while boring a hole

at Llanberis ; it was supj)0sed that he struck some nitro-glycerine

which had percolated into a crevice reojDcned by a previous blast.

The last accident in Wales was the explosion of two carts on the
high road to Llanberis, when not a vestige was found of the carts,

horses, or men.

The high temperature at which nitro-glycerine froze was a great

obstacle to its adoption. To overcome this difficulty, the tins con-

taining it were first put into a pan full of hot water.

Dynamite was one of the best and least dangerous explo-

sives now in use : it, however, laboured under the same disad-

vantage as nitro-glycerine—it froze at a high temj)erature. He
was not aware of any accident that had occurred in the process

of blasting, but two severe explosions had taken place in the pro-

cess of warming preparatory to putting it into the blast-hole ; one
in a tunnel near Bristol, and the other in a slate-quarry near Car-
narvon, when two men were killed.
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None of the iiitro-glycerine compounds could be relied upon to

work with in cold weather ; and the tempering or warming process

must always be dangerous. Mr. Webb had mentioned that the

men had no authority for using dynamite at the quarry where
the explosion took place ; but this could not affect the degree of

safety, as all explosives must be placed in the hands of miners and
quarrymen. Mr. Webb had also claimed for dynamite that more
work was done in less time and for less money than could be done

by gun-cotton. In some situations, for instance, when the rock

was traversed by joints, and when water ran into the blast-hole,

dynamite might be the more economical explosive ; but when the

rock was excessively hard and free from joints, it would be found

that gun-cotton would be preferred by the miners, especially in

underground work ; and the safety and efficiency of an explosive

were best proved by the extent of its use. The Welsh Slate Quarry

Company used it extensively ; and the manager, Mr. Chessel, had

informed him that no accident had occurred for the last fifteen

months ; the number of men using it varying from three hundred

to four hundred. The same gentleman told him that the cost of

driving underground work had greatly increased since the supply

of gun-cotton was stopped ; and he and other quarry-managers

said that the workmen, both above and under-ground, preferred

gun-cotton to any other explosive. Mr. Bidder had no hesitation

in stating his belief that this safe, handy, and efficient explosive

would take precedence of all that had been brought before the

public.

Mr. E. S. France observed, through the Secretaiy, that he had
hitherto always considered it safe to thaw nitro-giycerine cartridges

by hot water ; but Major Beaumont's statement showed that these

cartridges, whether of dynamite or of litho-fracteur, could explode

accidentally when treated in this manner. He had accordingly

given instructions for this mode of thawing to be discontinued in

his quarries ; and as Messrs. Lee, the Admiralty contractors for

Dover Harbour, had taken all their instructions from him as to the

mode of using the litho-fracteur, with which they were now deepen-

ing Dover Harbour, he had written to them not to again use the

hot-water tin process, but that he would arrange some other plan

;

and as the men were very thickly at work in the harbour while

the preparations for blasting were going on, it was possible that

the discussion on the Paper might be the means of saving a con-

siderable loss of life both at Dover and in his quarries.

Mr. J. J. Curling, E.E., through the Secretary, stated that some
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extensive mining operations were being carried out at Astoria, in

Long Island, New York, in removing a rock that interfered witli

the navigation at Hell-gate. This rock was of gneiss, and was very

totigh and hard, numerous garnets being found in it. The follow-

ing was an extract from a letter received from Lieut. Herrer,

United States Engineers, who was in immediate charge of the

works :
" Our work commenced in October, 1869, since which

time we have blasted and removed about 23,000 cubic yards of

rock. The cost per cubic yard has varied considerably, say from

^10 to K20 : at present it costs about ^16. We are using nitro-

glycerine at the rate of about 22 oz. to the yard of rock, and
drilling almost entirely by machinery. We also find that it re-

quires about 6 ft. of boring (holes 2 in. diameter) to produce a

yard of rock. Our drilling machines each average about 3 ft.

progress per hour." Lieut. Herrer had also informed him that

gunpowder and gun-cotton were both tried at first, but owing to

difficulty in procuring the cotton, and to nitro-glycerine being

found more economical than either, that material had been alone

used during the greater part of the work. It was manufactured

on the spot, and the charge was contained in metallic cylinders,

which exactly fitted the holes. Tamping was not required, and
hitherto no accident had occurred.

Messrs. Eeeves and Co., through the Secretary, stated that they

were about to bring before the public a special preparation of

their ' gun felt,' which had hitherto been chiefly used for

sporting, in a condition suitable for engineering and mining

purposes. About three years ago many successful experiments

were made with it in blasting various substances ; the com-

parative strength, weight for weight, was eight times that of

gunpowder ; and the question of carriage, stowage, and general

safety in use were satisfactorily proved. The expense of manu-

facture at that time was too great to enable it to compete with

gunpowder, but the article could now be produced at a much
lower price. Similarly with gun-cotton, the basis of the material

was pyroxilin, but the subsequent processes rendered it more

regular in its action, while it was free from the liability of spon-

taneous combustion, or of ignition at a lower temperature than

380^ or 400^

Mr. W. W. Evans (of New York), through the Secretary, stated

that he had recently received a communication from Professor

George M. Mowbray, who had been engaged in the United States

in making experiments in reference to explosive compounds, some
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particulars respecting which he thought might be interesting. Pro-

fessor Mowbray's attention had principally been directed to the in-

troduction of explosive substances into chemical combination, as dis-

tinguished from mechanical, or rather semi-mechanical admixture.

He had in the first instance purchased a series of samples of the

various mixtures sold in the United States as ' dualine,' and had

found that it was practically impossible to manufacture them

in quantities sufficiently large to ensure iiniformity in their

explosive properties. This defect was notable in the samples

of the same article successively j)urchased, and it was pro-

bably owing to their complicated ingredients having been

brought together with a different amount of moisture. He had

also generally come to the conclusion that to mix nitro-glycerine

with corn-meal, paper, pulp, rotten stone, sand, sponge, &c., di-

minished the explosive force of the nitro-glycerine, and occasioned

a loss of power, which was unjustifiable in the present state of

chemical science. In every case he found that diminution of force

was not in exact proportion to the smaller quantity of nitro-

glycerine contained, but that generally there was only one half of

the force, and in some cases only one third the force, which the

nitro-glycerine would have evolved without the admixture. Pro-

fessor Mowbray stated that all these mixtures entirely changed the

nature of the explosive, as when a liquid exploded, the blasting or

disruptive force was exerted in an inajjpreciable space of time

;

but when the particles were separated, the peculiarity of the force

of the nitro-glycerine as an explosive agent was destroyed, and it

became like gunpowder, which ignited not simultaneously, biit by
a ' flash,' which process, though performed in a period of time

practically inappreciable, was yet a complicated operation, the

chemical and mechanical decomposition going on from particle to

particle instead of the whole mass becoming instantaneously con-

verted into vapour. When gunpowder was fired the following

operations took place :—the sulphur ignited—the nitrate gave out

oxygen—the carbon combined with the oxygen—the sulphur and
potassium (by deoxydation of the potash) combined, and these

processes occurred, not simultaneously, but in succession as the

various particles came into the focus of heat, or under the ojDeration

of a raised temperature. In order to approximatelj^ endow gun-

powder with the destructive explosiveness of nitro-gljxerine, or in

other words, to decompose the whole bulk instantaneously, every

granule would require to be heated so that each atom would be
nearly at 240^, the melting point of sulphur. Then, by further

i
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increasing the temperatiire, a point would Le attained when the

carbon or charcoal in its fine state of division—if he might so

describe it—invited the nitrate to decompose ; and at that instant

—

at which by his experiments the temperature approximated to 600'^,

—an explosion, that was, a conversion of every particle into gases

with fulminating violence, as in the case of the ignition of nitro-

glycerine, would ensue. While, on the contrary, if it was required

to reduce nitro-glycerine in its effective blasting force, it would

only be necessary to reduce or subject it to the conditions under

which gunpowder was ordinarily fired, namely, by separating its

particles, so that its fluidity was interfered with or entirely

destroyed.

In the course of his experiments Professor Mowbray had arrived

at the conclusion that differently constituted nitro-glycerine could

be produced, possessing different congealing points ; and also that

temperature, as well as the presence of water in the glycerine,

modified the nitro-glycerine produced. In the severe winters of

the United States, he had been enabled to separate the various

resulting modifications by freezing (with salt water) a mass at a

very low temperature, namely, from 10° below zero to 25° below
zero ; and then by very slowly allowing the temperature to rise by
successive stages to 32°, 38°, and 40° above zero. At the higher

temperatures the nitro-glycerine presented the appearance of a

granulated substance, which by gentle pressure on blotting-paper

left a white mass, the paper itself absorbing an oily matter. This

oily matter readily exploded by a blow, but in a congealed or solid

form, the white mass could not be exploded. Having made this

discovery, by using acids of suitable strength, and glycerine free

from water, or nearly so. Professor Mowbray succeeded in producing

an article which he had named ' Tri-nitro-glycerine.' In the first

instance he had experienced great difficulty in exploding it. He
found that five grains of fulminate of mercury and a vial full of

gunpowder put on the top of it and covered with sand would not

explode it. When cold and congealed it would not explode, and
the absolute conditions of explosion seemed to be inexplicable,

w^hen finally he found that ten grains, or twelve grains of fulminate

in a copper cap immersed below the surface of the liquid would
explode it every time the experiment was tried.

The destructive effBcts of the tri-nitro-glycerine were almost
incredible. With holes drilled 14 ft. deep into a heading, and
charged quarter full, the rock was torn out from the bottom. It

was tried at Erie Harbour in the winter of 1860-70, and by the
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report fiirnislied to Professor Mowbray, it appeared that 1*6 oz.

of tri-nitro-glycerine was sufficient to remove 1 cubic yard of

rock at an average depth under water of 8 ft. The advantages

claimed for the tri-nitro-glycerine were, that it was chemically

pure, stable, and uniform ; that it was difficult to explode under

any circumstances, even to the extent of needing special explosive

substances to ensure its ignition, and that it was free from danger

by concussion, cartridges having been thrown down a distance of

40 ft., breaking the cartridges, but without exploding them.

Professor Abel said statements had been made to the effect that

the Nitro-glycerine Act had been mainly introduced by Govern-

ment at his instigation, and also that its action had been pro-

hibitory, and, to a great extent, had deterred practical men from

using nitro-glycerine explosives. Large dynamite works had,

however, been established near Glasgow, and explosive agents of

those characters had been for some considerable time extensively

used in mining districts. The Act in question, and those who had

contributed to its introduction, did not therefore deserve the con-

demnation which had been awarded to them. The Act was

necessary and salutary, as had been amply demonstrated since its

introduction, and, though he could not claim even an indirect

share of the merit due to those who introduced it, he would take

this opportunity of recording his strong conviction that its enact-

ment had not been prejudicial to mining interests, but had been

instrumental in effecting great saving of life and property.

In reference to the letter written by him to Sir John Hay, M.P.,

in July 1869, and used by that officer in his advocacy of the

Nitro-glycerine Bill, he desired to state that he was ignorant

of any intention on Sir John Hay's part to read it in the House.

With the knowledge then possessed he could not have desired to

have modified it in any way, had he then known it was to be-

come a public document. He did not lay down the theory, in that

letter or anywhere else, that gun-cotton was an " absolutely safe

explosive," nor was there anything in the letter relating to nitro-

glycerine, in the unmixed or liquid state, at variance with the

statements in the Papei*—although written after an interval

of three years had elapsed—except the statement that nitro-

glycerine was specially susceptible of explosion when in the frozen

condition. He had pointed out in the Paper the reasons for the

opinion, very generally entertained within the last three years, that

solidified nitro-glycerine was more dangerous than the liquid

—

an opinion since shown to be erroneous. The fact remained, that
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sad accidents had repeatedly occurred with frozen nitro-glycerine,

no doubt from specially reckless handling of the material, to which
its apparent inertness had probably given rise. Dynamite, the
only other nitro-giycerine-preparation (except Mr. Abel's gly-
oxilin), was known to him in 1869, and was then supplied in the
form of a loose damp powder, from which the nitro-glycerine

appeared to have a considerable tendency to exude. It was
decidedly inferior, as regards safety, to the firm, dry, but some-
what plastic rolls, now manufactured. Continued experience and
the improvements in the manufacture of nitro-glycerine had caused
him to acquire, during the last three years, considerable confi-

dence in the stability of the properly purified material, and he
believed there were few scientific and practical men who had not

been led, by accumulation of their knowledge and experience, and
by the progress of science and industry, to modify views, recorded

at one time in perfect honesty of conviction, even to a much
greater extent than had been the case with him in reference

to nitro-glycerine preparations.

He had listened with interest to Mr. France's narrative of the

relative merits of dynamite and litho-fracteur, and of the difficulties

he had experienced through dynamite being in a frozen condition,

while on the same occasion the litho-fracteur Avas not frozen. While
experiencing some surprise at the temerity with which that gentle-

man exercised the privilege he so warmly claimed for quarry
owners of doing their best to blow their heads off, the Institution

must be congratulated upon the happy escape of one of its most
distinguished Members, who had assisted at the experiment de-

scribed. What he believed Mr. France had really wished to pro-

mulgate by his account was, that litho-fracteur woiild not freeze as

readily as dynamite, and that certain special chemicals introduced

into the composition of litho-fracteur enabled the miner to explode

it when in a frozen condition ; whereas dynamite was not suscep-

tible of explosion by the usual means under similar circumstances.

An Engineer officer in the Prussian service, whom Mr. Abel had
met shortly after the war, and who had been specially charged with
operations of demolition in which litho-fracteur was employed by
the Germans, had told him that, while in many instances it was
most effective, many failures had occurred, in consequence of the

material being in a frozen, and consequently inert, condition. As
bearing on this point, he would also refer to an account jiublished

in ' The Times ' of some experiments made at Mr. France's

quarries, near Shrewsbury, with litho-fracteur, last February, in

[1872-73. N.S.] D
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tlie presence of the Gun-cotton Committee. Its safety in transport

and in use having been demonstrated by what appeared to him excel-

lent practical experiments, the applicability of litho-fracteur to

military operations was to be demonstrated, and, among other expe-

riments, a stockade was to be demolished. This was intended to

be effected by means of a long species of sausage stuffed Math litho-

fracteur. But this sausage, having been exposed to a keen wind

for a few hours, had become frozen, so that at the first trial only a

small portion of the charge exploded ; and, though the remainder

was repeatedly re-fused, it did not explode, but only burnt,

without any injury to the stockade. At any rate, therefore, it

appeared that dynamite and litho-fracteur were about on an equality

with regard to the difficulties resulting from the freezing of the

materials. It was said that improvements had recently been made

in the preparation of litho-fracteur, and possibly these might to

some extent diminish the difficulties referred to; still up to the

present time no superiority appeared to have been satisfactorily es-

tablished for litho-fracteur either in this respect, or with regard to

explosive power. Such special experiments, as had been described by

Mr. Nursey and another gentleman, had been carried out with equal

effect both with dynamite and with gun-cotton ; and it was only by

systematic employment upon one and the same class of work, that

the relative power of those agents could be satisfactorily established.

Pudrolythe appeared to be an old acquaintance under a new
name. He had some years ago to report upon a site near Ply-

mouth, where it was proposed to manufacture a blasting-powder,

composed of spent tan mixed and impregnated with nitrate of

potash, and sprinkled with sulphiir. It was comparatively harm-

less if inflamed when exposed to the open air, but in a good

blast-hole was said to do very fair work. This preparation,

known as ' Kellow's powder,' was so far safe to manufacture,

that the works were partly burnt down twice without explosion.

It appeared to him pudrolythe was, in point of fact, this old

material revived under a new name, with this difference, that a

little nitrate of baryta and a little sawdust and charcoal powder

were added. He would suggest to powder-makers that they

might possibly make the old blasting powder compete with pudro-

lythe, if they were to use imperfectly burned charcoal, and either

to supply the powder ingredients only roughly mixed, or to sell

them separately, to be mixed as required. He really failed to

discern the existence of any merit in spent tan and sawdust as

constituents of a blasting powder. He must say that the statement
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that pudrolythe evolved no deleterious gases when exploded was
to him startling in its originalit3\

He had hoj^ed that the Paper would have elicited more informa-

tion with regard to the practical working of explosive agents.

Mr. Webb had, however, given some valuable data regarding

the relative power and cost in working of powder, gun-cotton,

and dynamite, which were confirmatory of the statements in the

Paper, and showed that dynamite and compressed gun-cotton were
about on an equality in point of power and cost. One point in the

comparative value of gun-cotton and dynamite had been referred

to, namely, the difference of weight of equal volumes of the two.

True, dynamite was heavier than gun-cotton ; on the other hand,

dynamite contained 25 per cent, of inert matter ; and he doubted
whether it would be found that there was any difference in the
weight of actual explosive material in the two substances, or any
difference, favourable to dynamite, in the force exerted by equal

volumes of the two materials.

The experience of Major Beaumont with regard to the work
done by the violent explosives would have been instructive if that

officer had given some comjoarative estimate of the time occupied

in performing a given amount of work, as the great advantage of

violent explosive agents over gunpowder, and their merits in rela-

tion to each other, existed chiefly in the saving of time of which
their employment was productive. The accident with dynamite
to which Major Beaumont had referred was evidently due to

a spontaneous decomposition of a portion of nitro-glycerine

—

accidentally exposed for a long time to heat, in contact with
metal—having exuded from some of the dj-namite charges. The
numerous fatal accidents which occurred in the thawing of dyna-
mite, though they were doubtless ascribable in part to carelessness,

must be taken as a set-oif against the few accidents which had
occurred in charging holes with gun-cotton, the cause of which had
been fully explained by him in his Paper. ^ Similarly, the explo-

sion at the Stowmarket gun-cotton works, the cause of which had
been clearly established to possess no bearing upon the stability

of gun-cotton, had more than its parallel in numerous disastrous

explosions at dynamite works in Germany and America, and in the

succession of explosions at gunpowder works.

It was remarkable that, notwithstanding the numerous and de-

plorable accidents with' gunpowder, it appeared to be exempted,

1 Vide Minutes of Proceedings Inst. C.E , vol. xxxiv,, p. .338.
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by special privilege, from condemnation, while the obviously unrea-

sonable expectation appeared to be generally entertained that the

manufacture and use of the violent explosives should be unattended

by occasional accident. That their extensive employment, with

reasonable precautions, would have the effect of greatly diminish-

ing the accidents resulting from explosions, had already been

concliTsively demonstrated.
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Early in the year 1870, Mr. J. Easton, M. Inst. C.E., being in

Cairo for the purpose of starting a large paper-mill which had

been erected for His Highness the Khedive, was requested by His

Highness to visit some of his principal sugar estates, and to draw

up a report on the machinery and mode of manufacture in the

sugar houses. In obedience to this request, Mr. Easton visited two

factories erected by an eminent French firm, and one in which the

machinery had been obtained from various houses both English

and French. In all cases he found a very advanced sj^stem of

manufacture was carried out on an extensive scale. Nearly white,

large grain, centrifugal, machine-made sugar was produced direct

from the cane-juice by the agency of animal charcoal and the usual

refining process, which is expensive in Europe, but is more so in

Egypt, where the animal charcoal has to be brought, for the

most part, from France or England. The machinery was of excel-

lent quality, and there was little room for improvement in carrying

but the processes adopted.

Messrs. Fastens and Anderson, for a j-ear or two previously,

had been engaged in investigating and perfecting the projoositiou

of Mr. Walter Knaggs, a Jamaica planter, for the manufacture of

white sugar without charcoal filtration, by the use of sulphurous

acid gas and other re-agents in defecation, and an extremely rapid

method of concentration of cane-juice to sirup. Mr. Easton was

' The discussion upon this Paper extended over portions of three evenings,

but an abstract of the whole is given consecutively.
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struck with tlie exceptional advantages presented by tlie climate

of Egypt for a trial of the new process, and, having satisfied His

Highness of the reasonable probability of success, and, in that

event, of the great economy that would arise in first cost of plant

and in working expenses, obtained an order to construct the sugar

factory which forms the subject of this Paper, not, however,

without backing his opinions by depositing a large sum of money,

to be forfeited in the event of failure. The factory was set to

work early in 1872, and, at the termination of the crop, the reserved

sum was punctually paid. It may, therefore, be reasonably assumed

that the party chiefly interested was satisfied with the general

success of the process employed.

The Aba-el-Wakf Sugar Factory, constructed specially for the

sulphurous acid process, is situated on the banks of the Ibrahimia

Canal, about 6 miles south of Magaga—a station on the Nile

Eailway, and also the site of large sugar-works—and about 2 miles

west of the Nile. The distance from Cairo is about 120 miles.

The Author's firm also erected and set to work, at the same time, a

second sugar factory at Bene Mazar, a place about 6 miles further

south. This was about half as laige again as that at Aba, and

arranged on the French system of defecation, using animal char-

coal, so that the Author, who personally superintended the com-

pletion and starting of both factories, had special opportunities for

comparing the two methods of manufacture.

To make the Paper as complete as possible, a brief sketch will be

given in the first instance of the usual methods of manufacture.

Cane-juice contains saccharine matter in a free state of solution.

The work to be done consists, first, in cleansing the raw juice from

impurities, and neutralizing its acids ; and, next, in concentrating

it to the crystallizing point. The main difficulty to be overcome

is to prevent the crystallizable sugar existing in the juice from

becoming uncrystallizable, and therefore the process which achieves

the highest result in this respect most economically is the best.

Clarification is generally effected by neutralizing the organic

acids of the juice by means of lime, and by removing the scum by
skimming, subsidence, or filtration. Sometimes clay or whiting

is added to assist mechanically in carrying down the impurities

;

and the operation takes place either in steam clarifiers, supple-

mented or not by subsiding tanks, or in the concentrating coppers.

The most advanced and satisfactory system, the one adopted at

Bene Mazar, and generally in Egypt, is, to heat the juice nearly

to the boiling point, adding lime until its neutral point is attained.

A thick scum collects on the surface, and cracks when the tem-
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perature reaches about 210^, ttat is to say, when incipient ebul-

lition takes place in spots here and there. Steam is immediately

shut off, and the juice is allowed to stand about forty minutes.

During this time the cake of scum, which is about 2 in. thick,

becomes very compact, so that, when at last the clear juice is

suffered to run out through a copper strainer at the bottom of the

clarifier, the impurities remain behind, and are thoroughly sepa-

rated.

Bisulphite of lime is now commonly used with the same object

as sulphurous acid gas. It is added in solution as soon as possible

after the juice leaves the crushing rolls.

In making inferior kinds of sugar, the clarified juice is run into

a battery of open pans, called ' taches,' the whole apparatus being

styled a ' copper wall.' These pans are heated by dii-ect fire under

them, and the juice, as it concentrates, is ladled from one pan to

the other, being skimmed all the time, and finished at last in the

pan farthest away from the furnace. The whole operation is

' messy ' and extravagant in fuel. An improvement on the copper

wall is the ' concretor,' a shallow tray set over a furnace, down
which the juice runs in a thin stream, and is rapidly concentrated

;

but in this apparatus, also, on account of the steam from the juice

being wasted, the expenditure of fuel is very great. For the

higher classes of sugar the clarified juice is run through bag filters,

and afterwards through animal charcoal, or through the latter

only, and concentrated in the manner above described, or by means

of double-action or treble-action tubular concentrators. At Bene
Mazar four sets of treble-action concentrators are used. Each set

consists of three vessels. The first set is heated by the waste

steam from the various steam engines. The steam evolved from

the juice in these, boils the sirup in the second set of vessels, and
in like manner the steam produced in the second set, boils the sirup

in the last set of vessels. The first set works at about the pressure

of the atmosphere, the second set at a partial vacuum of 10 inches,

and the third set, like vacuum pans, under a vacuum of about

26 inches.

After concentration, and for the higher classes of sugar, the

sirup, at about 22° Beaume, is again passed through charcoal

filters, and then boiled to grain in vacuum pans. Inferior sugars

are struck either directly from the last ' tache ' of the copper wall,

or from some one of a numerous array of tubular, and other

granulators, working at the ordinary atmospheric pressure.

The molasses are now almost universally separated from the

crystallized sugar by means of centrifugal machines. There is
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great difficulty in getting the juice and sirups to pass through

animal charcoal of sufficient fineness to produce much effect. The

animal charcoal used by refiners, for example, is about as fine as

No. 1 shot, while that used in Egypt is as coarse as hazel nuts,

and even then it clogs very quickly. It appears to the Author

that, until the molasses have been in a great measure separated

from the crystallized sugar— which is only to be done in the

curing-room—the sirups cannot be made to filter efficiently, and

that, for this reason alone, it is well to avoid charcoal filtration.

It is certain that juice is degraded by passing over large surfaces,

as it thereby has a tendency to get sour, and thus to increase the

percentage of molasses. It is hardly necessary to remark that the

first cost of the charcoal, the daily waste, and the charges for fuel

and labour in re-burning are serious items in the account.

The new method of sugar-making introduced at Aba will be

most conveniently described in three divisions :

—

1. A general description of the process of manufacture.

2. A detailed description of some of the novel machinery and

appliances designed expressly for the new process.

3. An investigation into the chemistry and physics of the

manufacture.

For this last branch of the Pajier the Author is mainly indebted

to Mr. George Ogston, analytical chemist, who made the chemical

investigations for Messrs. Eastons and Anderson on juice obtained

from canes sent expressly from Egypt to this country, and who,

last season, visited the Aba factory, and conducted experiments

on a large scale, for the purpose of determining the yield obtained

from the juice, and of suggesting improvements in the chemical

processes of the manufacture. It is, however, a matter of regret

that, during the period of his visit, owing to the scantiness of the

crop, the smallness of the canes, and the want of transport, the

factory could never be worked steadily for any length of time, or

to its full power. Mr. Ogston's work was thus rendered very

arduous, and he was unable, from the reasons stated, to make any

useful observations on the consumption of fuel.

I.

—

General Description of the Manufacture.

The canes are brought to the mills by railway, or by means of

camels. The consumption of canes, when in full work-- night and

day—is upwards of 1,000 tons per twenty-four hours, so that

storage for at least 600 tons—measuring 3,600 cubic yards— is
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required. The canes are thrown by labourers upon carriers, and

are delivered into the cane-mills at the rate of about 10^ tons per

hour for each mill. This produces about 1,500 gallons of juice.

The juice flows by a branch semicircular iron gutter into a main

gutter, which delivers the jiiice of all the mills into a cast-iron

raw-juice tank, falling into it through two sets of strainers.

The ' megass,' or crushed cane, is delivered from the rolls on to

carriers, which take it out of the mill-room, elevating it high

enough to deliver into ox-carts. In this way it is carried to the

drying ground, and then spread out for several days in the sun,

preparatory to being brought into the factory again as fuel.

As fast as the raw-juice tank is filled, its contents are raised by

means of a centrifugal pump into the clarifiers, steam at a pressure

of (30 lbs. being turned on as soon as the copper-bottoms are covered.

When the juice begins to boil, it is stirred with a copper pipe,

through the lower perforated end of which sulphurous acid gas is

injected, and allowed to dissolve in the juice, till the colour of the

latter becomes considerably lighter, and a decided separation of

the flocculent matter takes place. The proper quantity of sul-

phurous acid to be added varies with the state of the canes and

the weather, and can only be determined by practice. Approxi-

mately, a clarifier of 450 gallons would require the combustion of

from jL- lb. to h lb. of sulphur.

The sulphurous acid is forced into the juice by means of a pump
driven by a small independent engine, the speed of which can be

adjusted to the quantity of gas required. The gas is generated

by the combustion of crude sulphur in an oven, the air necessary

for the purpose being sucked through by the pump ; and, as the

combustion depends on the supply of air, and the latter on the

speed of the pump, the whole apparatus is self-adjusting.

When the factory was first started, the gas was introduced into

the raw-juice tank ; but it was found that the supply of juice was

much too irregular to admit of the necessary accuracy being-

attained as to the quantity of gas injected ; and the arrangement

above described was adopted at Mr. Ogston's suggestion.

As soon as the boiling juice is sufficiently ' gassed,' milk of lime,

mixed with China clay, is added at the rate of from ^ gallon per

clarifier to 3 gallons per clarifier, until the liquid is ascertained by

the litmus paper test to be perfectly neutral. The liquid is then

let down by cocks in the bottoms of clarifiers into subsiders, where

it is allowed to stand till the impurities have settled down, when it

is decanted by means of sliding overflows into the clarified-juice

tank. After the juice is properly clarified it is perfectly clear, and
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about the colour of sauterne. The whole operation of clarifying

and subsiding takes about 1|- hour ; the subsidence and decanta-

tion occupying about 40 minutes ; hence, the twelve subsiders,

having a capacity of 450 gallons each, can readily get through

8,100 gallons of juice per hour, or more than the four mills can

produce.

The lime used is the ordinary produce of the native limestone ;

it is of good quality, and is mixed in two circular tanks, fitted

with agitators. The contents of one of these tanks is allowed to

subside, so as to yield clear lime water, used in washing down

the cane-mills, juice-gutters, and pipes. The milk of lime from

the other has a density of about 10° Beaume, and is mixed in the

proportion of 9^ parts by weight of cold water, to 1 part of lime

;

an equal weight of China clay being added to assist mechanically

in carrying down the impurities.

The scum which collects in the bottom of the subsiders is let

out by valves, and runs, down gutters to either of two tanks, from

which it is filled, by means of 3-in. india-rubber hose, into linen

bags placed in hydraulic presses. The juice is then separated

from the solid scum. The solid scum forms about 5 per cent, of the

weight of the raw juice. The clear pressed-out juice is pumped

at once into the clarified-juice tank, and the solid refuse is thrown

away. The subsiders are washed down by a hose at the end of

each operation, the foul water being run off through wash-out

valves and pipes.

The clarified juice next flows continuously through the concen-

trators, to which the admission is regulated so as to produce sirup

of the required density, varying from 15° BeauDie to 22° Beaume,

according to circumstances. The steam generated by the con-

centration of the juice, is collected under a pressure of from 3 lbs.

to 6 lbs., and is used for heating the vacuum pans, and for driving

the vacuum pumps and centrifugal-machine engines. The juice

enters the concentrators at about 160° temperature, and each

particle takes about eighteen minutes to run through. The total

time, therefore, between the juice leaving the mill and being re-

duced to sirup, is about one hour and three-quarters.

The sirup from the concentrators flows into one of four sub-

siding-tanks, where any impurities that may have escaped in

the previous decantation are thrown down, and from which the

vacuum pans suck their charges. The small amount of scum

formed here is carried by hand to the scum-presses, and the

clear sirup pressed out is mixed with the clarified juice. The

vacuum pans are of urdinarj^ construction, but are heated by the
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steam derived from concentrating the juice. They discharge their

sugar into iron wagons ; and, by means of railways and turn-

tables, it is delivered to coolers. It is then either cured at once,

while hot, in centrifugal machines, or allowed to stand some time

to crystallize more perfectly. When crystallized it is passed

through mixing-mills, in which it is diluted with weak molasses,

and then cured, as in the previous case. The molasses whirled out

from the centrifugal machines are collected in two tanks, from

which the vacuum pans suck them up, re-boil them, and send

them down by the wagons as second sugars into the second sugar

crystallizers, where, after standing a few days, the sugar is sepa-

rated by the centrifugal machines, and the molasses, boiled a

third time in the vacuum pans, are sent down into a series of

brick tanks, outside the factory, where the third sugars are allowed

to stand during from 3 months to 6 months, and cured after crop.

The molasses which iinally remain—almost totally devoid of crys-

tallizable sugar—are removed to distilleries attached to some of the

older sugar factories, where they are converted into strong spirit

in the usual manner.

Attached to the factory is a mechanics' shop, with lathes, planing

and drilling machines, vices, and all other appliances for making

casual repairs.

II.

—

Description of the Machinery.

Several modifications of conventional sugar machinery were

made at the suggestion of His Highness the Khedive, as, for

example, greatly increasing the diameter of the cane-mill rolls,

abandoning the steam ' montejus ' for raising the juice, and disposing

the boilers so that they should be close to their work, and thereby

reducing the length of the steam-pipes.

The cane mills are of exceptional size, and altogether novel

in their design and construction. The Khedive considered

there would be a great advantage in using much larger rolls

than had hitherto been the practice, as he conceived that,

with larger diameters, the nip would last longer and give

the juice more time to escape from the crushed cane. Eollers of

34 in. or 36 in. diameter had been considered very large ; but he

proposed to try rollers of 48 in. diameter, with a proportional

increase in the general strength and motive power.

In designing these mills, the Author became dissatisfied with

the usual, or rather, universal mode of gearing, as it appeared to

him to be so unmechanical and defective, as fully to account for the
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tendency cane mills exhibit of breaking down, although in crushing

so soft a material as sugar-cane unusually severe strains were not to

be apprehended. In the ordinary three-roller cane mill, as for in-

stance, with rolls 36 in. diameter, the whole of the power, amounting

at times to 100 I.H.P., is transmitted to the top roll shaft at about

2 revolutions per minute, and thence by means of three pinions

of the same mean diameter as the rolls to the two bottom rolls.

But inasmuch as the top and first bottom roll should be from 1^ in.

to 1 in. ajiart, and the top roll and second bottom rolls should be

touching, these pinions have to be made with long teeth to admit

of the above variation, and the top roll pinion necessarily works

at two different depths of gear at the same time, and hence the

heavy strain on the teeth is rendered doubly prejudicial. This

defect may to some extent be removed—though the Author is not

aware of its ever having been done—by transmitting half of the

power of the engine through the top roll shaft to the opposite

side of the mill, and then driving one pair of rolls by pinions of

suitable diameter; but this would not materially reduce the

pressure on the teeth, or on the bearings due to that pressure, or

lessen the immense strain on the connecting shaft and coupling

which drives the top roll. The mills made for the Aba factory

were designed to obviate the preceding defects (Plate 3). The

rolls are 48 in. diameter by 5 ft. C in. long, staked by means of

eight keys at each end, on to 18 in. wrought-iron shafts, the

kej'S being arranged so as to ' hit and miss ' on opposite ends,

60 that they can be readily driven in or out without taking

out the rolls. They are not in any way secured against work-

ing out. Staked by four keys on the ends of the roll shafts

outside the mill frames are spur wheels, each nearly twice the

diameter of the rolls. The spur wheels of the two lower rolls

being on the same side, and passing each other, are actuated by

a double-shrouded pinion, keyed on to a second motion shaft, which

passes under the bed-plate of the mill, and carries, at its opposite

end, an internal geared wheel 11 ft. 9 in. diameter. The top roll

spur wheel is on the opposite side of the mill to the wheels of the

bottom rolls, and is actuated by a shrouded pinion keyed on a short

second motion shaft, one end of which has a journal in a bracket

bolted to the mill frame, and the other revolves in a pedestal fixed

to a massive A frame, and can ics, overhung, a sjiur wheel of the

same diameter and pitch as the internal wheel on the louver second

motion shaft. The outer end of the crank shaft of the steam

engine is carried in a pedestal resting on the bottom of the A
frame, and by means of separate pinions keyed on it, engages
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into the upper spur and the lower annular wheel. The effect of

this arrangement is, 1st, that the power of the engine is divided

over two pinions, having, together, 18 in. of face, a greater width

than could usefully be given to one pinion gearing into one

wheel. 2nd, the second motion shafts distribute the power through

three pinions, having, together, 38 in. of face, and, owing to the

large diameter of the roll spur wheels, traveling nearly twice as

fast as the peripheries of the rolls, and, on that account, having to

endure only half the pressure on the teeth and journals that would

have arisen under the old system of gear ; and 3rd, the large

diameter of the roll-wheels allows three teeth to be in gear at one

time instead of only one. In order to permit of a variation in the

distance apart of the rolls, without affecting the accuracy of the

gearing, the brasses which carry the two lower roll-shafts are

arranged to slide upon their seats in a direction nearly at right

angles to the lines of centres of their spur-wheels and the pinions

they engage into ; and these brasses, instead of being kept up to

their work by the points of large set screws in the usual fashion,

are supported over their entire width by quoins or inclined planes

drawn up by pairs of bolts passing through the top distance pieces

closing up the gaps in the side frames, the angle at which these

gaps lie offering also the contingent, but not inconsiderable, ad-

vantage of enabling the bottom rolls to be taken out without inter-

fering with the top roll. The caps of the top rolls are held down

by 6 in. bolts passing completely through the side frames and base

plate, under which they are cottered without the intervention of

the usual layer of timber or other elastic material, so that there is

no possibility of yielding, however severe the strain. As the

design was carried out, confidence in its superiority to the common

plan increased ; and although the erection of the factory at Bene

Mazar was ordered before the Aba ]Mills had been completed and

tried, no hesitation was felt in applying the same strength of gear

to rolls 48 in. diameter and 6 ft. G in. long, and, as the event

proves, with good reason, for both sizes have worked without

the smallest difficulty or accident throughout the last season.

It will be noticed that the spur wheel driving the first lower

roll is considerably overhung, but this is not objectionable, because

the power required in the first squeeze of the canes is very much

less than that expended in the final pressing, which circumstance

compensates for the overhang, the shafts being of equal diameters.

To illustrate more clearly the advantages derived fi-om the new

system of gearing, the pressures on the various moving parts have

been worked oitt and arranged in the following table :

—
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The large wheels and rolls, as already stated, have all been

staked on with four or eight keys, and not bored and turned as is

the usual practice among London engineers. The Author believes

that with heavy gearing, much more trustworthy work can be

done in the former manner. It also offers great facilities in

erection and subsequent repairs. The arrangements for lubri-

cation were carefully considered, each of the 16 in. roll journals,

besides their oil syphons, had pipes connected to the water main
permanently fitted, but water was very seldom required, and that

only to the top roll journals, which, from the bearing being up-

wards against the cap, were not so readily reached by the oil. It

is difficult to estimate the pressure exerted by the top roll, but as

its journals became occasionally slightly warm, it may be con-

jectured, that the limit of 1,200 lbs. per square inch was reached;

and in that case, the area on the diameter of the two joxirnals

being 576 square inches, the pressure would be at least 300 tons,

the four main cap bolts, 5 in. diameter under the threads, being

competent to carry a working load of 390 tons.

It seems pretty generally agreed, that 18 ft. per minute is the

most advantageous speed for the surface of mill rolls, but the

Author has frequently seen these mills run at double that

speed, and, apparently, doing equally efficient work. The cane-

carriers are driven by spur gear through clutches from the front

bottom rolls, and the megass carriers by belts from the top second

motion shafts. No experiments have as yet been made on the per-

centage of juice squeezed out, but when evenly fed, the megass

comes out very dry, and on chewing it only a faint taste of sugar

is perceptible.

As, in the new process of manufacture adopted at the Aba factory,

no use can be made of exhaust steam, except perhaps in heating

the juice on its way to the clarifiers—a practice of doubtful

expediency—the engines used for driving the cane mills are, con-

trary to the usual practice, condensing with double cylinders ; the

smaller ones being 18J in. diameter, 3 ft. 1^ in. stroke, working
under 60 lbs. steam ; and the larger ones 29 in. diameter, and 4 ft.

6 in. stroke. Steam is admitted by ordinary slide valves fitted with
link-reversing motions. The beams, connecting rods, and cranks,

are of wrought iron, each engine being completely self-contained

on a massive bed-plate carrying a heavy entablature on six

columns.

Steam to the cane mill engines is supplied by four internally

fired coal burning Cornish multitubular boilers, each 20 ft. 2J in.

long, and 6 ft. 6 in. diameter, having two fliies 14 ft. 61 in. long.
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and 2 ft. 6 in. diameter, and 74 tubes 3 in. diameter, and 5 ft. 7f in.

long, making in all 675 square feet of available heating surface,

and 30 square feet of fire-grate. A similar boiler to these, in use

at the Erith Ironworks, has been found to evaporate 48*15 cubic

feet of water per hour, from a temperature of 101°, with a con-

sumption of 8-78 lbs. of Newcastle coal per pound of water. It was

found that one boiler well fired would keep two cane mills work-

ing at full speed, and as the coal was of similar quality, it is

l^resumable that about the same rate of evaporation was main-

tained. This would give, at 22 lbs. of steam to the indicated horse

power per hour, about 135 I.H.P. for two mills, the actual in-

dicator diagrams showing 136 horse power.

The boilers are fed from the hot wells of the engines by

duplicate donkey pumps, the waste steam from which is con-

densed in heating the feed water. A 15-ton traveling crane runs

the whole length of the cane-mill house, and commands every part

of the engines and mills. It may be noted, incidentally, that the

new system of gearing is very much more compact, and w^ill fit

into a less space than the old.

The juice from the cane mills is carried by 7 -in. semicircular

spouts to a' 12-in. semicircular gutter, running at a slight slope

the whole length of the mill, and delivering the juice into a cast-

iron tank holding about 600 gallons. The gutters are raised

above the floor, and although a little inconvenient to persons

moving about the mill-house, are very accessible and easily kept

clean, both internally and externally. The juice tank is fitted with

two sets of strainers, the upper one having about 4 meshes to the

inch, and the lower one 60 meshes to the inch, both disposed so that

the solid matters arrested by them are easily raked off by means

of scrapers with long handles and india-rubber edges.

Inside the mill, and under the clarifier stage, are two 5-in. cen-

trifugal pumps, duplicates of each other, each worked by a separate

pair of engines, having cylinders 4J in. diameter, 10-in. stroke,

and communicating their motion to the fan spindles by internal

annular gear. The pumps are placed sufficiently low to require

no charging, and either set is put in motion by turning on steam

by a starting handle on the clarifier stage. The juice is conveyed

from the pumps to the clarifiers, under the stage, by a 5-in. copper

pipe, furnished with a branch fitted with a swiveling head and

sluice valve to each pair of clarifiers. The raw juice tank is

provided with a float, and an index in the clarifier room, by

which the sugar-boilers can see when there is juice enough to

fill a clarifier. When there is sufficient juice they start one of
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the pumps, which fills it in about 1^ minute, the juice running

in a solid, steady stream, showing no indications of that churning

which is supposed to he so ohjectionahle. There is great mis-

apprehension as to the action of a centrifugal pump—wrongly

so called—on fluids. When the blades are properly curved no
churning takes place, but a perfectly uniform and almost radial

flow is maintained through the fan. The Author is convinced

that the centrifugal pump is the best means of raising cane-

juice or sirup. It was adopted at the suggestion of the Khedive,

who greatly disliked, and with reason, the steam ' montejus ' in

general use ; for not only are they inaccessible and uncleanly, but

owing to the admixture of condensed steam, they seriously dilute

the liquor raised. The clarifiers, 6 ft. 6^ in. diameter, and
2 ft. 6 in. deep, up to the skimming lip, hold an actual working-

charge of 450 gallons of cold juice. They consist of copper

pans 1 ft, 6 in. deep, bolted into cast-iron steam jackets, and
surmounted by galvanized iron cylinders, 1 ft. 6 in. deep, in

which skimming overflows, 2 ft. wide, are formed. The heating

surface of each is 52'58 square feet. Steam at 60 lbs, pressure is

admitted by 22-in. valves, and the condensed steam is taken off

by self-acting traps, one to each clarifier. The juice is let out by
4-in, cocks, worked by levers placed beyond the hand-rail over

the subsiders ; and ^-in. pet cocks to ascertain the state of the

steam jacket, and let out any air, complete the equipment.

Steam is turned on as soon as the copper bottoms are covered ; and
the juice, usually at a temperature of 72^ when pumped in, begins to

boil in about twenty minutes, and is kept boiling about five minutes.
A small portion of the impurities floats on the surface, and is skimmed
off at the lips provided for the purpose, whence the skimmings flow

by suitable shoots to the tanks which receive the rest of the
scum.

The mean of three experiments on the power of these clarifiers

in heating water to the boiling point give the following results :—
Mean duration of experiments 24 minutes.
Mean initial temperature of water 67" F.

Mean fcteam pressure 42 "1 lbs. 289° F.
Mean weight condensed &team 742 lbs.

Mean weight of water lieated 4,558 lbs.

Lbs.

Units of heat in condensed steam . . . 742 x 990 = 734 5S0
Heat spent in heating copper . . 840 lbs. x 145 x 0-095 = 11,571

„ „ „ cast iron . 2,828 lbs. x 145 x -129= 52,900

„ „ „ wrought iron 5G7 lbs. X 145 X -113= 9,200

„ „ „ water. . 4,.5.581hs.x 145 =660.910— 734,671
[1872-73. N.S.] E
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Units of heat per square foot per difference of

1° per hour in heating water 210'2

Loss in heating clarifier, by radiation, &c., &c. . . . 11"1 per cent.

In some other experiments with a clarifier of similar construc-

tion, but of only 12 gallons capacity, the trials were carried

further and the rate of boiling was ascertained as well, both for

water and sirup, the latter being a solution of 9 lbs. of molasses

and 4 lbs. of sugar in 90 lbs. of water, equal to juice at about 8^

Beaume. The results were :—

•

Water. Juice.

Units of heat per square foot per difference of 1° per lionr, heating 260 219

„ „ „ „ „ evaporating 606 521

as usual, in both water and juice, heat was transferred about 2^
times more quickly in boiling than in heating, no doubt in con-

sequence of the greatly more rapid circulation ; and in both

operations the addition of 14^ per cent, of sugar seems to have

reduced the efficiency of the surface by about 15 per cent.

The subsiders, twelve in number, corresponding to the clarifiers,

are plain cast-iron tanks, 6 ft. square and 2 ft. 6 in. deep,

with outside flanges and angles rounded to a 4-in. radius for

facility in cleaning. Each tank is fitted with a brass 5-in.

Appold overflow, actuated by a quick-threaded screw and hand-

wheel for the purpose of decanting the clear juice, which is dis-

charged into a wrought-iron tank running across the mill under

all the subsiders ; while for letting off the scum, and for the

subsequent washing, two 3-in. brass plugs are provided con-

nected, the one to the scum gutters, and the other to the waste

water-pipes. The clarified juice takes about half an hour to

subside, the china clay added with the lime assisting mechanically

in carrying down the impurities. Hydrants with 1-in. india-

rubber hose, and brass nozzles and cocks, are provided for washing

out the clarifier and subsiders, and for sluicing the stages.

Sulphurous acid gas is generated in a cast-iron D-shaped muffle,

5 ft. long, and 12 in. wide. A small grate under it allows the

hearth to be heated in order to start the combustion of the raw

sulphur ; and the admission of air is regulated by a sliding cover

closing up one end of the retort. The raw sulphur is introduced

through a small door in the end cover by a scoop 1 in. wide,

similar in form to those used for charging gas retorts. About

62 ft. of 3-in. cast-iron cooling pipe provided with numerous

cleaning doors for removing any flowers of sulphur that might

distil, conduct the gas to two duplicate double-acting pumps
having cylinders of 12 in. diameter and 12 in. stroke. These
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are worked by belts with fast and loose pulle3''s from a counter-

shaft actiiated by a 4-horse oscillating donkey engine, which is

also used for driving the mechanics' shop when the factory is not

at work, but during crop is used exclusively for the gas pumps,

the speed of which is thus easily regulated. The pumps are

entii'ely of ii'on with india-rubber flap valves, and they appear to

stand very well against the action of the sulphurous acid.

From the pumps the gas is led into a receiver containing about

114 cubic feet, or 1-14 times the capacity of one pump, and from

thence it is carried by a 3-in. main under the clarifier stage, a

1-in. copper branch rising between each pair of clarifiers, and ter-

minating in a cock and india-rubber hose fitted with a copper

stirring pipe, the extreme end of -which is finely perforated, to

allow of a uniform distribution of the gas through the hodj of juice

in the clarifier. A loaded valve permits the escape of any excess of

gas clear of the roof.

The greatest quantity of sulphur used is \ lb. to a clarifier of

450 gallons of juice, or 5 cwt. of sugar. Oxygen does not alter its

volume in combining with sulphur to form sulphurous acid ; the

latter gas measures 5*9 cubic feet to ^ lb. of sulphur, the com-

bustion of which therefore results in 29.V cubic feet of mixed sul-

phurous acid and nitrogen gases, to which must be added at least

as much excess of air, or, say 59 cubic feet in all, at a temperature

of 60°. The factory, in full work, ought to yield 14 clarifiers per

hour, for which 3^ lbs. of sulphur are required, producing 413

cubic feet of gas, or rather, 475 cubic feet at 150°, which is abotit

the temperature at which it reaches the pumps ; hence about

tj revolutions per minute will deliver all that is required. The
pumps were purposely made of large dimensions, as the quantity

of gas necessary had not been certainl}- determined at the time

the factory was designed.

The skimmings from the clarifiers, and the scum from the sub-

siders are run into two circular wrought-iron tanks, fitted at their

loiVer ends with 3-in. cocks and india-rubber hose, by means of

which the two hydraulic presses are charged. These consist of

cast-iron boxes 4 ft. square, 12 in. deep, surmounted by inverted

cylinders 18 in. diameter and 2-ft. stroke, with 12-in. trunks, the

lower ends of which carry the upper pressing tables. The scum
is run into linen bags, about 12 in. v^ide and 5 ft. long, ranged
in 3 layers or 4 layers, with galvanized-iron gratings between
each layer. As each bag is filled, its mouth is twisted up and laid

back over itself. When the charge is complete, the water pres-

sure—derived from the ordinary supply of the factory, under

e'2
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a head of 45 feet—is turned on by a common slide valve forming

part of the cylinder of each press, and the moderate pressure of

2;^ tons on an area of 16 square feet thus obtained is suilficient

to express all the juice. The juice runs into a small tank, from

which it is immediately pumped by a donkey engine into the

clarified-juice tank under the subsiders. When the scum is suf-

ficiently dry, the slide valve is reversed, and the upper table

raised to permit the bags to be taken out and emptied of the solid

residuum. This part of the process was very imperfectly worked

last season. It was supposed that this scum, like that obtained

from ordinary clarification, would readily drain through coarse

cloth, and a battery of filters was prepared accordingly, with one

hydraulic press to finish the drained refuse. The addition of

china clay, however, completely changed the nature of the scum,

converting it into a puddle, which retained the juice obstinately

until subjected to a moderate pressure. The one hydraulic press

proved iusuificient for the new method which had to be adopted,

and so a large portion of juice had to be thrown away with the

scum. In extenuation of this failure it may be pleaded that in

our colonies, and, it is believed, in those of other countries, the

scum is generall}" run into the distillery together with the molasses,

so that comparatively little attention has been paid to perfecting

machinery for separating juice from scum, and no one, certainly,

had any previous experience as to the proper mode of treating

the residue of this new process of defecation.

The clear juice, when it has gradiially fallen to about 160° tem-

perature, is run into the concentrators. These are five in number,

each consisting of a copper tray 23 ft. long by 6 ft. wide, heated

b}^ a steam boiler beneath, and forming part of it, and covered by

a sheet-iron casing which confines the steam evolved from the

juice.

The steam boiler works under 60 lbs. pressure, and is the

same size as the tray and 12^ in. deep, the lower side being flat,

like the tray, and connected to it by screwed stays spaced 6 in.

pitch. From the bottom plate hang 204 water tubes, 3^^ in. dia-

meter and 1 ft. 6 in. long, and 263 tubes of the same diameter but

4 ft. long, each tube having inside it a cast-iron circulating pipe.

The boiler is set over a furnace, the door of which is flush with the

floor of the stokehole, and fitted with a sliding plate to regulate the

admission of the megass with which the opening is supposed to be

kept constantly stufted. The original fire-grate was 9 ft. long by

6 ft. wide, arranged so that it could be fixed on two dijBferent levels

according as it was used for coal or megass, but it was found much

I
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too large for tlie latter fuel ; indeed, up to the present time, no satis-

factory grate has been contrived in Egypt to burn it, and experiments

are now in progress to determine this important point. The ash-

pit is very deep and communicates with a tunnel, which runs quite

across the factory, serving as the air-shaft for the supply of all the

megass burning boilers, and as the road by which their ashes can

be removed without interfering with the stoking above or, causing

risk of fire to the heap of fuel collected in the stoke space.

The heating surface of the copper tray is increased by 495 ver-

tical nozzles screwed into it ; these nozzles are of brass, cast very

thin and slightly tapered. Their mean external diameter is 2^ in.,

and they project 4^ in. above the plate. The sheet-iron cover is

3 ft. 8 in. high at the crown, semi-cylindrical in form, the ends

also being of the same curve. It is surmounted by a steam dome
2 ft. diameter and 5 ft. high, from which issues a 9-in. steam-pipe

governed by a slide stop-valve. Two 2f-in. pipes rise from the

copper plate, and, passing through the sheet-iron cover, terminate in

4-in. lever safety-valves, which permit the escape of excess steam

from the boiler. Two 6-in. safety-valves placed on the top of the

dome perform the same office for the steam evolved from the juice.

Three 5-in. plate-glass peep holes, and a wash-out valve and cock

are also fitted to the juice tray, while the boiler is furnished with
two glass gauges, a pressure-gauge, and a blow-out cock and pipe.

To supply the small loss of water in the boilers through accidental

leakage of the safety-valves, a duplicate pair of small donkey pumps
are provided. The clarified juice is brought from the trough under
the subsiders by a 5-in. copper pipe to a similar trough carried

on pillars across the entire face of the concentrators, a 2i-in.

pipe descends to each and admits the juice, by a brass cock with

a graduated dial, into small cast-iron cisterns—fitted with a glass

gauge for ascertaining the level of the juice—from which it flows

through a brass pipe having three branches into the tray. At
the opposite end the siriip flows through a similar pipe

into a second cast-iron regulating vessel also fitted with a

glass gauge, and thence through a 2-in. brass bib-cock with
graduated dial, into a small open cast-iron cistern having an
overflow keeping the sirup within 2 in. of the top, and fitted

with a large gilt Beaume hydrometer floating in a cage, and
arranged to point to a small staff fixed to any desired degree of

density ; so that the illiterate Arabs attending the trays have
merely to keep the density such that the upper end of the hydro-

meter shall float fair with the top of the fixed stafi^. The sirup

ovtirflowing from these cisterns runs into a cojiper main, by which
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it is distributed into either of four tanks, each holding 2,500

gallons, where it is allowed to subside before being drawn up
into the vacuum pans. Supposing the factory were in full work,

producing 6,000 gallons of juice per hour, and this were concen-

trated to 21° Beaume, it would be reduced to 43 per cent, of its vo-

lume, or 2,580 gallons per hour ; hence the tanks would allow about

3 hours- for subsidence ; which appears to be sufficient to permit

any solid impurities that may have escaped in decantation from

the juice subsiders, or may have been formed by coagulation in

the trays, to precipitate.

The suction pipes of the vacuum pans dip into the tanks to

within about 1 in. from the bottom, the scum that remains is

drawn off by suitable plugs and carried, as already stated, to

the scum presses, where the expressed sirujj mixes with the clari-

fied juice and so passes again through the trays. In watching the

working of the concentrators through the peej) holes, the surface

of the juice, while rising to the boiling point, appears quite calm

for about ^th of the length nearest the inlet ; it then begins to

simmer, and finally to boil violently. If the juice is in good order

it makes very little foam, but if not properl}^ tempered a thick

froth soon forms, but appears to condense against the cover and

drop back into the boiling fluid. Each joarticle of juice takes about

18 minutes to pass through the tray, and although exposed to the

temperature due to 3 lbs. or 4 lbs. pressure of steam on its surface, the

sirup appears to gain very little colour—hardl}^ more than would

be due to the increased density.

The steam generated from the juice is collected into an 18-in.

wrought-iron main, and taken thence by one 12-in. branch to the

vacuum pans, and by another to the vacuum pumps and centrifugal

engines, which it actuates, sup2:)lying thus all the power necessary

for boiling to grain, curing, driving the mechanics' shop, and

raising the water required throughout the mill.

One of these concentrators was set up at the Erith Iron-

works, and tested as to its evaporating powers. The heating

surface of the steam generator or boiler amounted to 1,276 square

feet, composed of 1,138 square feet of vertical tube and 138 square

feet of horizontal surface.

The juice tray contained 325 square feet of surface, composed of

187 square feet of vertical nozzle and 138 square feet of horizontal

surface.

The mean of two experiments of an hour's duration each gave :

—

Mean pressure in generator 47 lbs. = 294'' F..

„ „ tray 5-8 = 228'^ F.
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Temperature of water fed in . ~. 62 1° F.

Gallons of water ruu iu per hour 1,160

„ „ ruu out per hour, at 212° . . . 247

Gallons per hour evaporated from 62^^ .... 913

Coals consumed per hour 952 lbs.

Eaising 247 gallons of water from 62^° to 228°, is equivalent to

evaporating 42 gallons from the boiling point; hence the duty

done appears to have been equivalent to evaporating 921 gallons

of water per hour from 62°, or nearly 148 H.P. To raise the

water from 62^° to 160°, the • temperature at which the juice

flows into the concentrator, is equivalent to evaporating 110

gallons from 160° at 5'8 lbs. pressure ; hence the power of the tray

appears to have been equal to the evaporation of 1,023 gallons from

160° temperature.

In concentrating juice from 10° Beaume, the volume is reduced

to 43 per cent. ; hence each tray should be competent to concentrate

2,379 gallons of juice per hour at 160° from 10° Beaume to 21°

Beaume, or three trays should be competent to do the work of the

entire factory. In actual work, however, this result is very much
modified, partly by the accumulation of soot on the tubes of the

generator, partly on account of the increased amount of heating

surface in the trays necessary to evaporate sirup, and partly from

the thin film of incrustation that soon forms over the surfaces of

the trays when the clarification is carelessly done. Unfortunately,

during Mr. Ogston's experiments, the trap's had been at work
already four or five weeks without cleaning, and megass was being

used as fuel, so that he could make no satisfactory trial of the rate

of evaporation attained with juice under the ordinary working

conditions.

In some experiments made at Erith to assist in proportioning the

trays, it was found that similar surfaces transmitted per difference

of 1° of temperature per square foot per hour in heating to the

boiling point 368 units, and in evaporating 660 units, or 1-8 times

as. much. Assuming these relations to hold in the trays, the mean
result of the experiments shows that 271 units are transmitted in

heating and 491 units in evaporating per difference of 1° of tem-

perature per square foot per hour. That 2 square feet of evapo-

rating surface are required in the tray per horse power ; and also

that 55 square feet are occupied in heating, while 270 square

feet are occupied in evaporating. In the generator 8*6 square

feet of gross heating surface per horse power is required, or nearly

4 times as much as in the tray. It was feared that the vertical

water tubes would become coated with soot, and require sweeping
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from time to time, but, at the end of the season's working, they

were reported comparatively clean. Internally there was no fear

of incrustation, as the water in the generators is never changed,

and, for this reason, this form of holier is very suitable for a

concentrator. It will be noticed that the experimental tray gives

a much higher duty than the actual concentrator ; this is accounted

for by the circumstance that the model was supplied with unlimited

steam from the factory boilers, while in the actual tray the gene-

rator was evidently unequal to the work ; but this want of balance

was expressly made to provide for the deterioration of the traj^s

from incrustation. The mean weight of fuel consumed was 952 lbs.,

being at the rate of 6'43 lbs. per cubic foot of water evaporated in

the trays.

In case of steam being required in the vacuum pans and low-

pressure engines when the concentrators are not in use, as would

be the case at the finish of the crop, and in working over the third

sugars, a connection is made between the low pressure steam

main and the boilers supplying the clarifiers, and to guard against

over-pressure, as well as to provide for the escape of excess steam

from the concentrators, a 6-in. pipe is carried up from the 18-in.

steam main through the roof, and closed by a 6-in. safety valve,

capable of being relieved by a hand-wheel from below.

The boilers supplying steam at 60 lbs. pressure to the clarifiers,

juice, and sulphur pumps, centrifugal machines, and feed-donkeys,

are 4 in number. They are externally fired, 28 ft. 8 in. long, 6 ft.

6 in. diameter, each with two 2 ft. 6 in. flues, each flue being fitted

with eight Galloway tubes. Each boiler has in all 600 square feet

of effective heating surface, and is equal to 50 H.P. The total

work to be performed is about 178 H.P., but besides the margin

of 22 H.P. supplied, it was intended to make use of the surplus

steam from the cane-mill boilers whenever megass ran short, these

boilers being adapted expressly for coal, while the others have

grates specially suited for megass.

They are fed by a duplicate pair of donkey-pumps, which draw

their supply from a cast-iron tank, into which all the water con-

densed in the clarifiers runs, and is supplemented by a supply

from the water-tower admitted through a ball-cock.

There are five copper vacuum pans, each 10 ft. diameter and

9 ft. 6 in. deep, having 65 square feet of heating surface in the double

bottom, and 295 square feet in the four 4-in. coils. Beyond their

unusually large size, there is nothing remarkable in their con-

struction. The charges sent down to the coolers measure about

370 cubic feet and weigh 141 tons. The pans usually work under
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a vacunm of 27 inclies, and draw their injection direct from a supply-

well inside the cnring-hoxise. Although steam of only 3 lbs. pressure

is used, and the heating surface is by no means large in proportion

to the contents of the pans, they yet boil violently, and get through

their work in a very satisfactory manner. Each pan is connected

by copper pipes to both the sirup and molasses tanks, so that

either material can be boiled in any pan.

The vacuum pumps (Plate 4) are 4 in number, 28 in. diameter

and 1 ft. 10^ in. stroke, making 30 strokes per minute. They have

ordinary india-rubber valves playing on grids in the buckets, and

brass flap foot-valves. From each pump a 9-in. pipe rises with a

regular sloj)e of 1 in 50, and runs along under the vacuum pans,

the whole four pipes being so disposed that two pumps, or either

of them, may be connected to any one pan, the connections being

made by 9-in. sluice cocks suitably arranged. It is very import-

ant in wet air-pumps to lay the vacuum pipes on a regular slope,

so that the injection water should not lodge anywhere and seal up
the exit for air and uncondensed vapours. One pump is amply
sufficient for one pan, but the power of connecting a second pump
is very useful as a security against accidents. A 1-in. injection

pipe and cock is fitted to each pump, for the purpose of charging

it and getting up the vacuum at starting.

The pumps are worked directly from the beams of a pair of

engines having cylinders 29 in. diameter and 5 ft. stroke, and
their own condenser air-pumps, 13 in. diameter and 3 ft. 5| in.

stroke. As the steam used is at only 3 lbs. pressure, the valve-ports

are made very large, and there is a provision for blowing through,

so as to establish a vacuum in the condensers before starting.

The engines driving the centrifugal machines are of exactly the

same construction and size, but, instead of the vacuum pumps,

have a pair of bucket and plunger double-acting pumps, 4^ in. and

6^ in. diameter and 1 ft. ]0|-in. stroke for the high service water

supply, and, instead of the plain fly-wheel, a spur fly gearing into

a mortice pinion keyed on the main lay shaft, which, running

below the floor level, actuates the centrifugal curing machines and
the mechanics' shop.

The vacuum engines have indicated 28 H.P. when in full work,

the centrifugal machine engines 80 H.P. Both sets are much
larger than needed, but under the peculiar circumstances it was
thought prudent to allow a sufficient margin in estimating the

horse power which would probably be required.

Warnings of prejudicial consequences were freely indulged in as

to the probable result of this attempt to use steam generated from
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cane-juice in driving steam engines ; nothing worse, however, has

occurred than a shyness at starting when the pressure of steam

has not been quite 3 lbs. The Author had an opportunity of draw-

ing one of the i:)istons after the factory had been at work a month,

but could detect no unusual appearance ; and, since the end of the

season, all the cylinders and valves have been overhauled, with a

like result.

There are 24 centrifugal curing machines fixed in a line,

nearly down the middle of the curing-house. These are divided

into 4 groups of 6 machines, each group being driven under

the floor by half-cross belts from a countershaft common to 6

machines. On it are loose driving-pulleys, set in motion by
wood-lined cones engaging into iron ones sliding on feathers in

the shaft, and thrown in or out by clutch-levers actuated by
hand-gear fixed to the casings of the machines above.

The countershafts are driven by belts from the main lay shaft

actuated by the steam-engine, so that any group of centrifugal

machines and its countershaft can be readily stopped altogether.

The space under the floor where the belts and countershafts are

placed is lofty and well lighted, and the gearing can be attended

to without interference with the sugar-making above, where only

the casings of the machines appear. These are 3 ft. 2 in. diameter,

and 2 ft. l^in. high; the baskets are 30 in. diameter, and 11 in.

deep ; the outsides made of galvanized corrugated iron, lined with

finely-perforated coj)per. They revolve 1,200 times a minute, and

produce between 70 lbs. and 80 lbs. of dry sugar at each charge.

From 4 charges to 5 charges are easily worked ofi" in each hour.

For steaming the sugar and cleaning the baskets, perforated copper

pipes are introduced, both inside and outside, and connected with

a steam-main running under the floor beneath the casings.

Under the vacuum-pans is a railway, terminating at each end in

a 13-ft. wagon turntable, which meets also a line of rails running

down the curing-house, and passing out by a gate to the third

boilings' molasses tanks outside the factory. Two iron wagons

each of 370 cubic feet capacity, with sloping bottoms, and fitted

with two screw discharging-sluices, receive the sugar from the

vacuum pans, and are moved by means of hand-gear attached

to one pair of wheels, either to the first boilings' crystallizers,

9 in number, 18 ft. 8 in. long, 9 ft. 8 in. broad, 2 ft. 2 in. deep, on

one side of the curing-house, or to the second boilings' crystallizers,

10 in number, 18 ft. 8 in. long, 6 ft. 8 in. broad, 8 ft. 4 in. deep, on

the opposite side, or, finally, to the third boilings' molasses-tanks

outside the factory.
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The sugar from the first boilings is usually cured hot, but four

mixiug-mills are provided, being driven by belts from the counter-

shafts of the centrifugal machines, and used for mixing up the

sugar, when it becomes too stiff to cure, with weak sirup before it

is i:)ut into the centrifugal machines.

All the tanks, for containing sugar in various stages, are made
of cast-iron plates, with planed joints and external flanges ; the

angles being rounded to a 4-in. radius, so that they present, in-

ternally, perfectly smooth surfaces, free from angles, and therefore

easily cleaned.

Throughout the factory, water mains, with hydrants and india-

rubber hose, are laid for the purpose of washing down, and as

precaution against fire.

The Aba factory has an extreme length over all of 481 ft. 6 in.,

by an extreme width of 155 ft. The buildings consist of a wrought-

iron skeleton, composed of columns of girder-section, 12 in. deep,

spaced 20 ft. from centre to centre, and supporting arched lattice

roof-girders, across which are secured Z-shaped purlins, to which
the galvanized corrugated roof is fixed.

The space between the wall-columns is filled in -with 12-in.

brickwork; iron sashes, with semicircular tops 10ft. high and
4 ft. wide, being built in where required. All the doors and gates

have wrought-iron frames, sheeted Avith corrugated iron.

The roof rafters are made very substantially in order to enable

tackle to be hung from them for lifting the machinery, the lattice

webs giving great facility for placing timbers from rafter to rafter

for this purpose.

In the cane-mill house is a 15-ton traveling-crane, running on
wrought-iron rail-girders, supported overhead by brackets from

the wall-columns ; and a 4-ton traveler is fitted up in a similar

way, to command the mechanics' shop and the vacuum and cen-

trifugal machine engines.

The following are the dimensions of the several buildings :

—

Length. Breadth. Height.

Ft. Ft. Ft. ]n.

Caue-mill house
_ . . 220 33 25 6

Main buiklin;^ 260 94 35

Mechanics' shop annex 2<i0 30 25

Warehouse annex 160 30 25

The preceding dimensions are from centre to centre of the walls,

and from the floor to the underside of the crown of the roof rafters.

The total area covered, measured over all, is 45,162 square feet.

The water-supply is derived from the Ibrahimia canal, which
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runs within 200 yards of the factory. The condensing-engincs

and vacxium-pans draw their injection-water direct from the

service wells, while the water necessary for washing down, for

miscellaneous use, and for supplying the cane locomotives, is

raised hy means of the pair of pumps, attached to the engines of the

centrifugal machines, into a cast-iron tank, containing 14,000

gallons, fixed on the top of a tower 42 ft. high. On the ground-

level of the tower there are a pair of duplicate 4-horse engines,

actuating three throw-pumps, intended to provide water when the

factory is not at work.

Not far from the main buildings are the gas-works, constructed

to supply 300 lights.

III.

—

The Chemistry and Physics of the Manufacture.

The property of sulphurous acid gas, or of salts containing that

gas, such as the bisulphite of lime, in preventing or arresting

fermentation, and in bleaching vegetable substances, is well known.

It seems to have been applied to the manufacture of stigar from

cane-juice as early as 1838, when Mr. E. Stolle took out a patent

for discolouring saccharine matter by sulphurous acid gas instead

of animal charcoal ; and subsequent patents have been taken out

in 1849, 1850, 1857, and 1862, for similar purposes.

But it does not appear that any marked success has attended

the use of the gas, though it is incomparably cheaper than the

bisulphite of lime, which at present is largely employed in the

British West India colonies. It may be that the latter substance

finds favour on account of its not requiring special apparatus for its

application ; but the Author is inclined to think that sulphurous

acid gas has failed from two causes. In the first place, it has to be

applied quite as carefully as the lime used in ordinary tempering.

Being extremely soluble, juice will take it up to the extent of

33 times its own volume ; and hence a great excess is easily

and imperceptibly added, only to require neutralizing again by
lime, which forms sulphite and bisulphite of lime ; the latter

being wholly soluble in the weak cane-juice, but is, in part,

changed, at the expense of the atmosphere, into the sulphate, which,

although soluble in about 450 volumes of hot water, is deposited

rapidly on the surfaces of the concentrators and vacuum-pans,

rendering them inefficient, and extravagant in fuel. In the

second place, the gas has always been tried at existing factories,

most probably, with very defective and slow concentration ; hence

the juice, which, if quickly concentrated—not, however, in vessels

heated by direct fire, as in ' taches ' and concretors—would have
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made white sugar, lias been degraded till all the benefits of the

gas are lost. The Aba factory, it is believed, is the only one ever

built expressly for the use of sulphiirous acid, and hence the suc-

cess which was immediately attained.

In the simple clarification with lime, great care should be taken

to add the exact quantity necessary to neutralize the organic acids

in the juice. The salts of lime then formed—chiefly acetate—are

all soluble, and are not deposited if concentration follows rapidly

;

but if there is an excess of lime, or long exposui-e to the air, the

carbonate is formed at the expense of the atmosphere, and becomes

very troublesome. At Bene Mazar, last crop, the clarification was

constantly under European supervision, and so carefully done that,

at the end of the season, there was no deposit whatever, either in

the triple-action tubular concentrators or the vaciium pans ; and,

as excellent white sugar was made, it is presumable that the

correct quantity of milk of lime was used. This varied between

1^ gallon to 24- gallons, at 10'' Beaume, corresponding to from

1^ lb. to 2|- lbs. of caustic lime, or sa}^, an average of 2 lbs. of

caustic lime per clarifier of 353 gallons.

At Aba, during Mr. Ogston's experiments, ^ lb. of sulphur was

actually consumed for 450 gallons of juice ; but this quantity, in

consequence of the imperfect arrangements for ' gassing ' already

explained, was greatly in excess of what was necessary for clari-

fication. Laboratory experiments seem to indicate that about

^^^Ib. per 450 gallons will be sufficient. The lime required to

neutralize this will be nearly the same weight, and therefore will

form but 4 per cent, of the lime necessary for tempering in the

ordinary manner ; that is to say, 4 per cent, more lime will be re-

quired by the sulphurous acid process than by the ordinary method

of defecation ; and this is probably little, if any, more than the

sirup, as it leaves the concentrators, will be able to retain in solu-

tion. The lime required at Aba, if used in the same proportion to

the juice as at Bene Mazar, would be 2^^ lbs. per clarifier, increased

only to 2f-^ lbs. in neutralizing the sulphurous acid gas ; it is there-

fore expected that the deposit of sulphate of lime, which materially

interfered with the working of the concentrators last season, will

be very considerably reduced, if not completely removed ; moi'e es-

pecially because they are not in a condition analogous to steam

boilers out of which only steam is taken ; on the contrary, from

them at least 40 per cent, of the entering fluid flows out again,

and must carry a large proportion of slightly soluble and sus-

pended matters with it.

The rapidity of the process of getting the juice to the state
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of sirup, when it is safe from fermentation, is best illustrated

by comparison with Bene Mazar. In that mill a particle of juice

in traveling through the apparatus remains—two hours in the juice

tank and clarifiers—two hours in the charcoal filters—an hour and

three-quarters in the triple-action concentrators—in all five hours

and three-quarters; while at Aba, as has been already shown, the

same state is reached in less than two hours, or in about one-third

the time.

It is well known that sulphuric acid is a deadly enemy to crys-

tallizable siigar, and sulphurous acid being very nearly allied, it

was feared that its use might also be to some extent prejudicial.

To settle this point, samples of juice obtained from Egyptian cane

were carefully clarified in the ordinary manner with lime, and then

filtered through charcoal, and also bythe sulphurous acid gas process;

the resulting specimens of clarified juice were then analysed, and

it was found that the samples obtained from the latter process were
to a slight extent richer in crystallizaltle sugar ; the diiference,

however, was very small ; so that, practically, it became safe to

assume that there would be no loss of crystallized sugar through
the use of sulphurous acid.

Inasmuch as the thii-d boiling of molasses has to stand from 8

months to 6 months before it can throw down all the crystallizable

sugar, a complete investigation into the yield of any process is a very

tedious business, and, in fact, can only be accurately done by exact

observation throughout the season's working, extending, with the

manufacture of all the produce, over at least seven months or eight

months. Xor is it possible to make any satisfactory estiinate of the

yield of the third boiling, as it varies very much, depending greatlj-

on the state of the canes and the goodness of the original clarifica-

tion and concentration of the juice. Mr. Ogston devoted one month to

watching the successive transformations of 164,345 gallons of raw
juice as far as the third boiling ; and, considering the immense
number of measurements taken, the corrections for temperature

necessary, and the circumstance that a large number of observers

had to be employed, the results of his investigations are sur-

prisingly accurate.

The yield of 164,345 gallons of raw juice, at 9f^ Beaume and
72° Fahrenheit, was :

—

Tons. Cwts. Qrs. Lbs.

First white sugar 54 18 2 18

Second boiling brown 18 G 3 1

Third „ estimated 9 3 1 14

All sugar—total 82 8 3 o

Molasses after second suo-ars 24 12 2 2.")
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or, at the rate of 1-12-1: lb. per gallon, the white sugar alone being

0*75 lb. per gallon. At Bene Mazar the yield of first sugars was
0*71 lb. per gallon ; the total yield being estimated at 1*21 lb. per

gallon.

At either factory the result must be looked upon as extremely

good, considering that the canes were A-ery small, their dimensions

seldom exceeding 4 ft. long by 1 in. to 1^ in. diameter. A great

numlier of the canes were also so short that they had to be carried

up to the mills in baskets. And, besides this, they lay frequently

for two weeks and even three weeks cut before they were ground.

During the experiments, a lot of cane sent from Bene Mazar,

where it had been cut down to make room for the Agricultural

Eailway, lay a fortnight before it was crushed. Sugar-makers can

readily estimate the deterioration of the juice which resulted from

this delaj^.

The Author is indel)ted to the courtesy of the Colonial Company
for the following statement:—On their estate in Demerara

—

famous for the richness of its sxigar-cane—from cane-juice, when
at its best in the months of IMarch, April, and May, and indicating

10° Beaume at 70^ temperature, they obtained, of first white

sugars 8*43 per cent, on the cane-juice, and of second sugars 4' 5 6

per cent., or in all 12-99 per cent., or about 1*405 lb. per gallon.

The company does not work the molasses a third time, but as

the second boiling forms 54 per cent, of the first, it is probable

that very little crystallizable sugar is lost. At Aba, the second

boiling forms only 33 per cent, of the first, and it is not likel}'-

that the sugar derived from the third boiling would make the

aggregate amount greater than 50 per cent. This result seems to

show that, under like favourable circumstances, equally high results

may be looked for in Egypt.

Sir Daniel Cooper, Bart., late Speaker of the Legislative Assembly

of New South Wales, who is extensively interested in the sugar

industry of that colony, has kindly communicated the following

information respecting the yield of two sugar factories on the

Clarence river. Of first yellow sugars they made in 1871, 0-89 lb,

and 1-01 lb. per gallon of jiiice respectively; of second sugars,

0*29 lb. and 0-14 lb. and of molasses, 0-57 lb. and 0*47 lb. In these

mills concretors are employed for the concentration ; and as no use

"whatever is made of the steam from the juice, more than 2 tons of

coal has been consumed per ton of dry sugars, besides all the

megass.

The quantity of molasses, or uncrystallizable sugar remaining

after the first boiling may be taken as the measure of the degra-
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dation the juice has suffered during its manufacture into sugar.

Taking the percentages in each case on the first and second sugars

together, it aj^pears that the Aha factory makes but 33 per cent.

—

Bene Mazar, 55 per cent.—the Australian mills, 41 per cent, and 48

per cent, respectively—and the Colonial Company, 47 per cent. This

seems to demonstrate that the sulphurous acid gas process, when
combined with rapid concentration, realizes a larger percentage of

marketable sugar than any other system of manufacture ; and this

result will become still more apparent by an inspection of the

following table of produce by different mills, from which it will

be seen that the Aba Factory also yields the highest percentage of

first white sug-ar :

—
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and sirups was carefully ascertained, and he found, on comparing

the actual yield of sugar with the tabular quantities represented

by the density of the juice, that there was a total loss of 5 '91 per

cent. ; and between the quantity contained in the juice entering

the concentrators, and that held by the sirups running out. a loss

of 1*62 per cent. These results, though valuable as indicating

that no gi'cat error had been committed in the numerous measure-

ments, cannot be taken as strictly true, because the readings of

the hydrometers were undoubtedly affected by the lime, and its

sulphate was proved to have been held in solution by the deposits

both in the concentrators and in the vacuum pans.

The information obtainable as to the manner in which the

densities of saccharine solutions are affected by temperature, and
the changes of volume which take place in concentration being-

very scanty, experiments were instituted to determine these

points accurately. It was found that at all densities a lange

of 4° Beaume corresponded to a variation of 122^ of temperature,

and that the law of variation in density due to change of temper-

ature is the same as in water. The alterations of volume caused

by concentration also followed closely those calculated from the

specific gravity. Diagrams of curves illustrating these important

points are attached to this Paper (Plate 5).

Crystals, separating from impure solutions, are always purer

than the mother-liquors ; hence the dark yellow mass sent down
from the vacuum pans, when drained from the iincrystallizable

sugar and water associated with it, leaves a crystalline mass more

or less white behind. This separation, technically called ' curing,'

may be performed by simple draining in vessels of suitable form,

or, as in refineries, in moulds of the familiar sugar-loaf shape,

aided by suction; but on sugar estates it is generally done in

centrifugal machines. When the sirup is good, the white crystals

may be separated without washing of any kind, but generally

from a pint to a gallon of water or weak molasses is thrown into

each charge, to assist in washing the surfaces of the crystals ; or,

the same object may be attained, by projecting a jet of high

pressure steam against the inside of the revolving ring of sugar

;

the steam, condensing, washes away the molasses and at the same
time heats the mass and makes it dry more quickly when spread

out afterwards on the mixing floor. Yellow sugars are frequently

the pure crystals coated with more or less molasses, and therefore

when considering the relative yield of different factories, it is

necessary to know the quality of first sugars produced, as the loss,

in washing yellow siigars white, amounts to between 10 per cent.

[1872-73. X.S.] F
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and 30 per cent, of their weight. Dry white sugar runs like sand,

but yellow has a peculiar ' cling ' in it, due to the stickiness of the

molasses. The most difficult variety to produce is the bright

canary-coloured sugar, which can only be obtained from very pure

bright sirups.

The mother-liquor, separated from the first sugar, contains a

considerable quantity of crystallizable matter which separates

again, as in all crj^stallizing operations, by second concentration,

and yields the second sugars, which it is generally most profitable

to leave in the yellow state. The same remarks apply to third

and fourth boilings.

The Author has been able, with the assistance of the data

obtained at every step of the manufacture, to calculate the degree

of concentration necessary in the trays to supply sufficient steam

for the vacuum pans and steam engines, and then to calculate the

probable consumption of fuel per ton of sugar. By means of the

indicator diagrams (Plate 5), it has been ascertained that the

vacuum and centrifugal engines work at 108 collective I.H.P.,

and as they do not work expansively, and there must be con-

siderable loss from condensation in the large steam-pipes, they

probably consume 50 lbs. of steam at 3 lbs. pressure per I.H.P.

per hour. To supply these engines, therefore, would involve

the evaporation of 541 gallons of water per hour in the con-

centrators.

Supposing the factory to be in full work, each mill j)roducing

1,500 gallons of juice, that is, 6,000 gallons per hour at 10° Beaume
collectively, the yield of all sugars at the ascertained rate would

be 6,744 lbs. per hour.

From Mr. Ogston's observations, it appears that the water to be

evaporated in boiling down the second and third sugars—including

1 gallon of water added to each centrifugal charge—amounts to

60 per cent, of the weight of the totally finished sugars, or to

405 gallons per hour, to which must be added 10 per cent., or

40 gallons for loss by radiation, &c. 6,000 gallons of raw juice at

72° temperature, when clear of its scum and reduced in volume by
5 minutes' boiling in the clarifiers, would become 5,476 gallons of

clarified juice sent down to the concentrators at 72° temperature,

and would contain 11,700 lbs. absolute sugar, which, at the specific

gravity of 1'6, would measure 731 gallons. It was ascertained

that, in the first sugars sent down to the coolers, the saccharine

matter was associated with water amounting to 30*4 per cent, on

the yield of all sugars, or 205 gallons per hour.

In this manner (541 -f 405 -|- 40+ 731 -j- 205) 1,922 gallons of
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the juice have been disposed of, leaving 3,554 gallons to be

evaporated, one part in the vacuum pan being at the exj)ense of

the steam raised from the other in the concentrators. Allowing

10 per cent, on the total amounts for loss and waste, the quantity

should be divided in the proportion of 60 per cent, to 40 per cent.,

leaving thus 1,422 gallons to be evaporated in the vacuum pans

by 2,132 gallons, converted into steam in the trays. There is

then in the sirup ready for the trays :

—

Gallons. Gallons.

Saccbariue matter 731

Water associated with first boiling 205

Water evaporated in vacuum pan 1 , 422

Total sirup • 2,3;j8

Water evaporated in concentrators to produce power,

and boil second and third sugars 980

Water evaporated to boil first sugar 2,132

Total evaporated in trays .... 3,118

Totnl clarified juice per hour 5,470

The sirup, therefore, will form 43 per cent, of the clarified juice,

and if the latter gauges 10° Beaume the former would indicate

21° Beaume. Comparing this with the observations, it appears

that 153,341 gallons of clarified juice were converted into 72,049

gallons of sirup, both at 160°, the latter being 47 per cent, of the

former; or if the juice stood at 10° Beaume the sirup would have

indicated 1 9° Beaume, that is, rather less steam was actually gene-

rated in the trays than the foregoing calculations indicate, which
is accounted for by the third boilings not having been made during

the experiments, and, therefore, that much less steam was required

by the vacuum pans.

These calculations agreeing so well with observations, make it

probable that the latter were very accurate, and point to the result,

that by utilising the steam from the concentrators, the evaporation

of 57 per cent, of the juice only is necessary to convert the whole

into sugar and the residuary molasses.

For the third boilings, quiet and uniformity of temperature are

necessary. As they have to remain crystallizing from three months
to six months, a large provision of tanks is required. These seem to

answer best when built of masonry and plastered with native

cement. The third boilings form about 1^ per cent, of the raw
juice; hence, in a factory working ninety days, at the rate of

6,000 gallons an hour, tanks to accommodate 194,400 gallons

would be required.

The total horse power requii'ed to work the Aba Factory,

F 2
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assuming that a cubic foot of water at 62° Fahrenheit evaporated

at 212^ represents a horse power of boiler duty, is computed as

follows :

—

The four cane mill engines take 68 I.H.P. each. Allowing H.P-

25 lbs. of steam per H. P. per hour, which will cover loss by

steam-pipes, &c., they will require of boiler power . . . . 112 '0

The clarifiers have to heat 6,000 gallons of juice per hour, from

72° to 212", and to boil for five minutes, and will absorb . . 163 '5

The concentrators having to raise 5,473 gallons of juice from

160° to 230°, and to evaporate 3,118 gallons under 3 lbs.

pressure, will take 519 -0

Steam under 60 lbs. pressiu-e used in steaming centrifugals,

calculated 11 "2

Sulphurous acid pumps, calculated 1 • 5

Donkey feed pumps, „ 2*3

Total H.P. = Cubic feet of water to evaporate from) o«q.k
62°F.= . . / ^°^ ^

or nearly 11 H.P. per ton of sugar per 24 hours. If 8 lbs. of coal

are necessary to evaporate a cubic foot of water from 62^, then

6,476 lbs. of coal would be necessary to produce 6,744 lbs. of sugar,

or the weight of coal will be 96 per cent, of that of the produce

in sugars.

Siipposing the cane mills to express 68 per cent, of juice, the

6,000 gallons per hour would produce 30,325 lbs. of wet megass.

From experiments made on a large scale by Mr. Black, the resident

engineer of the Magaga Sugar Factorj'^, it appears that dry megass,

fit for burning, weighs 53 per cent, of the wet;. and he found that

29,578 lbs. of dry megass did as much as 16,000 lbs. of ordinary

north country coal, or that it required 1'85 lb. of megass to do

the same work as 1 lb. of coal. The canes yielding 6,000 gallons

of juice, therefore, produced 16,072 lbs. of dry megass, which con-

sumed in the evaporation of 809*5 cubic feet of water gives nearly

20 lbs. of megass to the cubic foot. According to Mr. Black,

14*8 lbs. should be enough ; but an imperfect experiment, made on

a small Cornish boiler at Magaga, gave only 3"06 lbs. of water per

1 lb. of megass, or 20*7 lbs. to the cubic foot. As an approxima-

tion Mr. Black considers that 1 lb. of coal is equal to 2 lbs. of

megass, or 16 lbs. of megass to the cubic foot of water, so that

there seems to be margin enough to warrant the statement, that

the refuse of the canes should give fuel enough to make the sugar

;

and this would especially be the case in Egypt, where the climate

is favourable to drying the megass.

In addition to the megass, most of the Egyptian mills are said
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to consume 1 ton of coal per 1 ton of sugar, but the true statistics

are difficult to arrive at. The Author believes that in some of the

factories in the West Indies the consumption of coal has been

reduced to a ^ of a ton per ton of sugar ; but this is in addition

to the megass, and triple-action concentrators are in use. The
quantity of extra fuel required in any case depends upon the per-

centage of juice pressed out. From Mr. Black's experiments at

Magaga, dry megass appears to contain 10 per cent, of moisture.

Payen gives the composition of Otaheite cane at maturity as :

water 71 per cent., sugar 18 per cent., and ligneous and other

matters 1 1 per cent. ; consequently the composition of dry megass
may be assumed for difierent degrees of pressing to be as

follows :

—

Percentage of juice pressed out
Water dried out of megass .

Water left in dry megass
Sugar ditto ditto

Ligneous matter, &c., ditto ditto

Percentage of sugar and ligneous matter, on
juice

60-0
21-1
1-9
6-0
11-0

100-0

28-3

70-0
13-6
1-6
3-8

ll-O

100-0

21 1

100-0

17-3

The last set of figures shows how rapidly the fuel available

decreases with the increased yield of the cane mills. It has been

already stated that Mr. Ogston was unable to ascertain the con-

sumption of fuel. In svich great factories as that at Aba, when
worked only to about a quarter of their power, great loss arises

from condensation in long and large steam pipes, as well as from

frequent stoppages for want of cane, and from the nature of the

case, a really trustworthy return could only be obtained from

records kept during the whole crop. The megass being spread

out to dry over many acres of land, it is difficult to bring it in

with the necessary regularity, so that observations taken only from
day to day, would most likely be deceptive. The Aba mill, how-
ever, was run some days by burning megass only, but no record

exists as to how the stock of megass which was in course of dry-

ing was affected.

The cost of the machinery, iron buildings, and roofs of the Aba
factory in England, including also the animal charcoal filters and
re-burning apparatus, which were supplied as a measure of pre-

caution, but never erected, was £90,000. The cost of the Bene
Mazar factory for machinery and iron buildings was £130,000.

Correcting the cost of the Aba factory, so as to bring it up to the
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same powers of production as Bene Mazar factory—but deducting

the cost of the charcoal apparatus—the amount would be £100,000

;

thus showing an economy in favour of the sulphurous acid gas over

the animal charcoal process, in producing white sugar, of £30,000

on the capital account, in addition to a saving of £14,000 for the

first year, and £7,500 per annum afterwards, in animal charcoal,

and labour and fuel in using it. The Aba factory was ordered

in April, 1870, and the whole was made and shipped before

the April following. The Bene Mazar factory was ordered in

December, 1870, and was all shipped by the following November,

and during the same time the Malatea factory, as large as

Bene Mazar, but which was not to be erected till a season later,

was constructed and completed ; so that in the space of nineteen

months, machinery to the value of nearly £400,000 was designed,

constructed, and shipped. The erections on the spot were com-

pleted with great rapidity, especially when the obstructions of

climate and cairiage are considered, and the difficulties about

straw to burn bricks and lime. In conclusion, the Author thinks

that the large yield of first sugar, the small percentage of

molasses, the calculations as to fuel, and the economy of first cost

and working, justify the opinion that the sulphurous acid process

offers a reasonable prospect of success to those who may employ it.

It has been widely stated, however, that the white sugar produced

will lose colour materially if kept in bulk. No evidence has, as

yet, reached the Author on this point, and he can therefore only

state the opinion of many chemists, that there does not seem to be

any ground for the api)rehension.

The Author has to express his acknowledgment for the gracious

manner in which His Highness the Khedive granted permission

for the preparation of this Paper, and ordered all official records to

be placed at his disposal. The Author's thanks are also due to

Mr. H. C. Anderson, Assoc. Inst. C.E., chief engineer in charge of

the sugar factories of Aba, Bene Mazar, and Malatea, under whom
they were erected and put to work in an extremely short time,

and to Mr. P. Cheesman, Stud. Inst. C.E., the resident engineer

of Aba, who was more immediately responsible for its erection

and working.

The Paper is illustrated by a series of drawings and diagrams,

from which Plates 1, 2, 3, 4, and 5, have been compiled.

Mr. Anderson
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Mr. Anderson said, a report had been spread abroad that the

results obtained were due to the use of sulphuric acid, which, it

was well known, had the effect of converting crystallizable sugar

into uncrystallizable. In an early stage of the investigation of the

new process, experiments had been made to ascertain if sulphurous

acid affected cane-juice like sulphuric acid. Canes were obtained

from Egypt, and the juice expressed in England. A certain

quantity was clarified by the ordinary lime process, and an equal

quantity by the sulphurous acid gas method. Both were submitted

to analj^sis, and the result was that the latter gave a slightly higher

result in crystallizable sugar than the former.

Mr. Eedman observed that sugar was likely to become a large

staple produce of the Australian colonies. The type of sugar-

machinery hitherto used in the West Indies had been but slightly

varied from, and he believed that described in 'Eee's Encyclo-

paedia ' nearly applied to the mills of the present day. The cane

was crushed by horizontal or vertical rollers. About thirty-seven

years ago he was resident in Barbadoes, where one class of

machine was universally used, driven principally by wind-mills.

The subsequent manipulation was very simple, compared with

the elaborate processes described in the Paper ; but he thought

the manufacture, from that day to the present time, had hardly

been improved. There had been a number of patents taken

out for improvements in this class of machinery, of which the

Messrs. Blyth of Limehouse, he believed, were the largest manu-

facturers, especially for the West Indies and the Isle of France

;

and the ci-ushing-mills all possessed three cylinders, either hori-

zontal or vertical. The horizontal cylinders were preferred at the

time he spoke of. The principal difficulty hitherto had been in

regulating the space between the cylinders for crushing the

cane, and feeding them properly. Several patents had been taken

out with that object in view, using adjiistable gear, to vary the

distance between the axles. These engines were frequently strained

by overloading them with cane, by which the framework was liable

to be broken ; but various improvements had been effected in

the supporting frames. He believed one person had enrolled

a patent for converting the cane into what he termed sawdust,

by sawing it with circular saws and then passing it through the

cylinders.

In the West Indies, the period of raising the crop of sugar-cane

varied from tAvelve months to fifteen months, the canes being

planted diaring the rainy season ; but some cultivators advocated

cropping at an earlier period. The question of raising the crop on
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sugar-estates in South Australia was one of great importance, and

those who engaged in this occupation found to their cost, in the dis-

tricts of Queensland and Brisbane, the canes were fatally affected

by intermittent frost. In Egypt, he believed the cane was raised

and harvested within a period of nine months. The question was,

Avhether by irrigation or planting sufficiently early, there was a

possibility of raising the crop in Australia before the period of

frost commenced. He knew several estates that had been laid out

fur sugar cultivation which were now being discontinued as sugar

estates, and were being converted into grazing tracts.

Mr. Anderson said the simplest way of regulating cane-mills

was to make the engines powerful enough to perform about three

times the average work brought upon them, and they would then

surmount any obstacle. He had seen canes go over the top roller,

when the mills were fed too fast, Avithout any harm being done

;

but for such treatment the machinery must be sufficiently strong.

Mr. J. Shears noticed that the Author had not stated the per-

centage of juice obtained. The machinery at Aba was ingenious,

but the rollers were unnecessarily large. The prime necessity

in a sugar-cane mill was an apparatus sufficiently rigid to extract

the whole of the juice available for sugar. Nearly all sugar-mills

were now driven at a uniform rate at the perij)hery ; and whether

the rollers were 4 ft. in diameter or 30 in. in diameter, if rigid,

no more juice would be extracted by them in one case than

in the other. He assumed that a mill with rollers of 30 in. or

32 in, diameter was sufficiently rigid to extract all the juice that

could be obtained. The sugar cane contained about 80 per cent, of

juice which was of service to the sugar manufacturer ; a further

extraction of the waxy part of the cane interfered with the clarifica-

tion, and impaired the subsequent operations. Therefore, if a mill

of a certain length could produce with a smaller diameter of roller

as much juice as one of larger diameter—and if, as was the case, less

power would be reqiiired to drive it—much of the first cost of the

machinery might be saved, anel there would be greater economy in

making the sugar. On the whole, he thought the Author had made
the rollers of an extreme size.

When one of the vacuum pans in ixse at Aba—in which he was in-

terested as a manufacturer—was tested on the 25th of January, 1871,

he believed that Mr. Anderson rather expected to see it collapse under

pres^sure. The exterior surface was about 200 superficial feet, upon

which there was a crushing power of about 167 tons ; the copper was
only about \ in. thick. It was not surprising that those who were

unacquainted with the tough nature of the material should think
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tlie vacuum pan would collapse under such a pressure. The pans were
proved under a vacuum, obtained by first putting a small quantity

of liquor into them, and then heating them with steam ; a vessel

containing about 300 gallons of cold water was next hung up over

them, and when the pans were well heated, and the steam suffi-

ciently blowing through, every valve and cock was closed excejjt

one, by which the 300 gallons of water trickled into them, and a

vacuum was produced. In one case, when the cock was closed, a

vacuum was attained equal to 26^ inches of mercury, which was
maintained for several hours. The vacuum was observed during

three successive days. Twenty-four hours afterAvards, the vacuum
shown by the mercurial gauge had only gone down to 17 inches,

and on the following day to 14 inches, the decrease being at the

rate of only • 125 of an inch per hour. It then became necessary

to break the vacuum, to take the pan to pieces for shijmient ; and
he calculated, if the vacuum had been allowed to expend itself,

nearly eight days would have elapsed before the atmospheric

pressure would have been attained.

Mr. G. Phillips, through the Secretary, said that he considered

the modes of producing and refining sugar detailed in the Paper to

be radically wrong. Suljihurous acid gas as a bleaching agent of

caramel in a sugar solution was detrimental, while, on the other

hand, pure animal charcoal was capable of defecating and decolour-

ising the lowest description of sugars, molasses, and treacle, in a

few minutes.

The greatest difficulty had been experienced in introducing the

various improvements which had already been adopted. He would
instance the vacuum-pan. Howard, the inventor of this valuable aid

to sugar-refining, nearly ruined himself, and some of his friends

also, in his endeavours to perfect the apparatus, and, when perfected,

had the greatest difficulty in efiecting its introduction ; the sugar-

refining trade systematically opposing it. For some years, five

Jjondon houses held their own on the old plan, by stating that

tl^eir 'refined sugar' was not 'steam sugar;' and, as some
portion of the public refused to use the so-called steam sugar,

the houses in question flourished for a limited period ; but when
the public became enlightened the vacuum pan came into general

use.

The centrifugal machine might also be cited. The elder Mr.
Finzel— father of the present Mr. Finzel, the large sugar refiner at

Biistol— invented the centrifugal machine for drying sugar ciystals.

Here, again, as in Howard's case, the sugar refiners refused to adopt

so valuable an invention, and during the term of the patent only
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two licences were granted. Mr. Finzel, however, "being a sugar

refiner, worked his own invention, and realised a large fortune

by it.

The introduction of non-porous moulds afforded another illus-

tration. Formerly porous moulds were used for crystallizing; the

loss of sugar, in consequence, was something considerable. The

non-porous moulds were rigorously opposed, on the plea that porous

moulds favoured crystallization ; but this invention having truth

on its side, like Howard's vacuum pan and Finzel's centrifugal

machine, ultimatel}^ made its way.

Other instances might be named ; but the preceding were sufficient

to show the dead weight that had to be moved, in the shape of

ignorance, prejudice, and vested interests, in introducing an

invention, however valuable it might be, to a stereotyped trade.

It was stated that 400,000 tons of sugar were refined in this

country annually, and that the cost to the refiner for every ton of

sugar refined was not less than 20s. per ton for the charcoal em-

ployed in the refining. Any process, therefore, which would effect

a saving in the process of refining would relieve the public of a

very heavy tax on the refined sugar consumed.

The defecating and decolourising power of pure animal charcoal

was due to galvanic action ; the charcoal was the positive electrode,

or pole ; the sugar and albumen neutral mediums, or inert agents

of communication ; and the colour and caramel the negative elec-

trodes. It followed from this that the electrolytes were colour and

caramel, and that these would be found attached to the charcoal,

the inert medium, sugar and albumen, passing through the char-

coal bed together. Again, as pure animal charcoal failed to separate

albumen from a sugar solution, heat must be employed to coagu-

late the albumen, and then filtration to separate it from pure sugar

solution.

In the production and refining of sugar, a temperature of 180"

should never be exceeded. In treating cane-juice in the cold with

ptire animal charcoal, the sugar manufacturer should defecate and

decolourise the solution in five minutes. The density of cane-juice

was admirably adapted to this treatment ; and the after process

to free the purified juice of albumen should be as rapidly performed

as possible. The juice would then be safe, as pure sugar in water

would not fennent, or undergo any change, except that of crystal-

lization. He had a specimen of a weak solution that had been

kept for seven years, and no change had taken place in it except

the formation of a few minute crystals.

The mere burning of bones would not produce pure animal char-
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coal, however experienced the burner might be ; for there was
always animal matter left in them—sometimes of an offensive

character—and always colour, which frequently injured the refiner's

work. He could not too much impress upon those who produced

and refijied sugar the importance of having pure animal charcoal

as a means of defecating and decolouring sugar solutions—and
even molasses and treacle—in a few minutes.

Mr. C. W. Siemens said the Paper dealt with two separate

subjects, one of a mechanical, and the other of a chemical

character. It appeared to him that the Author had very satis-

factorily solved the mechanical questions involved. The arrange-

ments of the mill-gearing had evidently proved successful, but it

was a question open to discussion whether so large a diameter of

roller was beneficial in a chemical and economical point of view.

By using large rollers a greater amount of saccharine matter could,

however, undoubtedly be extracted. The system of raising the

juice from one receiver to another by a centrifugal pump, instead

of by the old ' blowing-up ' arrangement, was also an improve-

ment ; because in admitting steam in contact with the saccharine

solution, condensation would take place, and the work of evapo-

ration would be increased ; and if the centrifugal system was
properly arranged, there need be no apprehension that it would

churn the saccharine solvition. Considerable ingenuity had been

displayed in the construction of the evaporating apparatus em-

ployed. The steam boiler had been placed immediately below the

concentrator, or, as it was called, the 'juice boiler,' and thus the

steam generated in the lower compartment at once condensed

against the upper surface of the steam boiler, which was also the

bottom surface of the juice chamber—the surface contact being

increased by means of tubes—and in that way losses of heat by

radiation or otherwise were avoided, and the same water was re-

evaporated again and again. It was interesting to observe that

the surface in contact with the fire could be made three or four

times smaller than the surface necessary to convey the heat from

the steam to the saccharine solution.

The use of the steam raised from the saccharine solution was
another novelty. It was made serviceable not only for working

the vacuum pan, but also for driving the engine. There could be

no reasonable doubt about the mechanical efficiency of applying

the steam raised from the juice to driving the engine, and

theory in this case had been justified by the result ; but a

question of a chemical nature arose, namely, whether the juice

itself was not injured by raising from it steam of sufficient
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pressure for such purposes. It was well known that when juice

was concentrated by the direct application of fire, a considerable

portion of the sugar was converted into molasses, or uncrystal-

lizable sugar, and it would be desirable that the opinion of

persons practically engaged in sugar boiling operations should be

ascertained as to whether the direct application of heat had not

been carried too far, or whether the same amount of juice would

not have yielded a larger amount of crystal!izable sugar, if the

direct application of heat in the vacuum pans had been resorted to

exclusively.

It might be urged that such an amount of heat could not have

been obtained, owing to the larger consumption of fuel which

would have been requisite ; but there was a process now in course

of trial, partly suggested by himself, to evaporate entirely by
vacuum pans, and at the same time to economise heat by forcing

the steam generated at low pressure within the vacuum pan

mechanically into the tubes surrounded by the juice.

The main feature of the Paper was the substitution of sul-

phurous acid for charcoal in removing the colouring matter. If

sulphurous acid could be applied without practical drawbacks,

great saving must undoubtedly arise, because animal charcoal

was an expensive substance, and involved the emj^loyment of

complicated apparatus to revivify it for repeated use. But the

question arose—whether in using the sulphurous acid method a

portion of the crystallizable sugar was not converted into un-

crystallizable, or grape sugar? It was a well-known fact that

if sulphuric acid was put into a solution of cane sugar, its mere

contagious action, so to speak, would convert an indefinite amount

of the solution into uncrystallizable, or grape sugar, which,

though very similar as to chemical constitution, was of a much
less sweetening character. It was doubtful whether the sul-

phurous acid was always free from sulphuric acid, particularly

if, as was suggested, oxydising agents, such as peroxide of manga-
nese, were also employed. An increase of grape sugar would not

necessarily imply a diminished yield, because when the solution

came to a certain consistency it might solidify. He would in-

quire whether in the sugar prepared at the Aba mills there was
not a proportion of uncrystallizable, or grape sugar precipitated

with the crystallizable, or cane sugar? He did not believe

in the theory put forward that galvanic action would be set up
between the charcoal and the colouring matter. The conditions

of sugar solution were totally at variance with what might be
expected in a galvanic battery, where two conductors of different
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affinity foi* oxygen were brought into metallic contact wliilo

immersed in acidulated water.

In regard to the experiments which he had referred to as

having been conducted for effecting the concentration under a

vacuum so as to attain the advantage of using the steam repeatedl}',

he might add that many years ago he proposed to evaporate

liquid cane juice by pumping the steam from the vacuum pan,

which was in the form of a locomotive boiler, into tubes sur-

rounded by liquid in order that it might be condensed there. To
sustain the further evaporation of the same liquid, a steam engine

and pumping cylinder were employed, whereby the steam gene-

rated within the evaporating pan at about half the pressure of the

atmosphere was compressed, and forced into the tubes at double,

or atmosphere pressure. Its condensing point was raised in

compression from 180' to 212°, which difference sufficed to cause

the recondensation of the steam within the tubes and a continued

ebullition of the juice, the same latent heat being made to serve

over and over again. The only real expenditure in this operation

was mechanical force, but the steam employed in generating this

force was necessarily much less in amount than the steam com-

pi-essed by it through half an atmosphere. Moreover, the exhaust

steam of the engine was made available to make up for the loss

by radiation, and for bringing the cold juice up to the boiling

point.

Such a process could not fail to work practically, but the

mechanism involved in it was of a nature to make its application

costly. The project was revived last year by Mr. Robertson, who
after heai'ing the Paper on " Pneumatic Despatch Tubes ; the

Circuit System," by Mr. Carl Siemens, M. Inst. C.E.,^ conceived

that the steam blast apparatus referred to, being capable of

maintaining a vacuum of 20 inches of mercury, could be made to

serve also to force the vapour raised in a vacuum pan into the

evaporating tubes of the same or another pan, and thus to

combine the advantage of evaporating the juice under a reduced

pressure with that of repeatedly using the latent heat of the

steam. Mr. C. W. Siemens considered this plan to be superior

to that originally proposed by himself, inasmuch as the apparatus

employed was simple and inexpensive. When tried in London,

Mr. Robertson found that a vacuum of 20 inches could be main-

tained in his vacuum pan. In that case, as in the former, the

steam employed in compressing the vapour in order to fit it for

' Vide Minutes of Pioct eilings Inst. C.E., vol. xxxiii., p. 1.
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recondensation was added to the compressed steam and served to

make up for losses by radiation, &c. It was evident that by such

an arrangement the latent heat of the same steam could be used,

not once or twice, but several times, the heat passing again and
again through the same metallic surfaces. Whether such a

plan could be worked advantageously in practice in the East and

West India sugar factories was a question upon which Mr. C. W.
Siemens had no experience to addxxce, but the experiments had at

any rate proved the correctness of the principle involved.

Mr. E. Beaxes said he also thought that the diameter of the

rollers for the mill were unnecessarily large. If the length of

the rollers had been extended to 8 ft., three mills might have

been made to do the work which four mills did now. He had

seen rollers, 8 ft. long, work very well in the West Indies.

He had found no difficulty in the use of pinion or crown

wheels when the rollers were set at a proper distance. An inch

between the fi-ont roller and the top one was an unusually wide

space. He had never seen more than fths of an inch allowed.

By the arrangement adopted by the Author, the whole of the work
was thrown on the top and back rollers ; consequently the gain

in other respects in large diameter would be lost by the work
coming on two rollers instead of three. He was under the impres-

sion that the large diameter had been adopted for the sake of feed-

ing the mills better ; but he had seen rollers of 28 in. diameter,

with which there was not the slightest difficulty in feeding the

mill. That might have been from the way in which they were

turned, the last cut having been in the form of a fine thread graven

with a pointed tool. He had seen those rollers fed by tipping cart-

loads of canes from the railway directly on to the carrier.

There could not be much reliance placed upon statements of

the percentage of juice obtained, because it depended upon the

quality of the cane. He had seen 70 per cent, or 72 per cent, of

juice from Otaheite cane, while with the same mill not more than

50 per cent, was obtained from ribbon cane.

So far as he had seen, no pump was so good as the ' montejus.'

He did not observe any arrangement had been described for wash-

ing out the pipes and pump. That might not be so necessary

in Egypt, because rich juice contained less nitrogenous matter than

poor juice.

With respect to clarification by means of sulphurous acid, he

would like to hear from the Author the part of the process which

he considered to be new. If it was in passing sulphurous acid into

cane-juice, and afterwards adding lime, that was the process of



ABA-EL-WAKF SUGAE FACTORY. 79

Mr. Stewart of Louisiana, who had stated that he had established

it in more than a thousand instances. If the Author first added the

lime and afterwards the sulphurous acid, then it was a process

copied from Mr. Beanes. It had been carried out on thirty-two

plantations in "Cuba, and also in Java, and it was about to be

introduced into Queensland.

The bleaching power of sulphurous acid, as applied to cane-juice,

was, he believed, one of its least valuable properties. If its colour-

less salts could be washed out, as was done when used for bleaching

wool, it would be of some value even for removing a little colour

;

but this could not be done with cane-juice ; and if the acid was

neutralized, or evaporated from the juice, the colour would return.

Its great value lay in what he had before stated, namely, its pro-

perty of rendering insoluble the nitrogenous substance, gluten, not

albumen or casein, as had been stated. The former was rendered

insoluble by simply boiling the juice, the latter would be precipi-

tated, when lime was added to it, by the formation of the earthy

salt, calcium acetate. But such was not the case with gluten ; it

was not precipitated by either of those means.

There were some facts not generally known with respect to the

decolourising power of animal charcoal. It was in proportion to the

carbon—or call it carburetted hydrogen—surface exposed ; and its

power of absorbing lime was in the same proportion. He thought,

if this were generally understood, such samples of animal charcoal

as those on the table, being the kind used in Egypt, would not be

exhibited. He had seen similar samples in some beet-root factories

in the north of France ; flints might almost as well be used as

charcoal of such a size. Sulphurous acid, he had no doubt, would

compare favourably with such charcoal as that.

Many—even chemists—were under the impression that the in-

ternal portion of the charcoal comes into action in decolourising ; but

such was not the case, as could be shown in many ways. For in-

stance, as in testing it by lime-water—after it had entirely lost the

power of removing lime from lime-water— if broken up into smaller

pieces, thereby exposing new carbon surfaces, its power of absorbing

lime would again return ; but if all its pores had been filled before

breaking it into smaller pieces, that result would not have happened.

The Author mentioned that the juice took up thirty volumes of

sulphurous acid gas. If the gas was passed into hot juice, it would

be impossible it could take up so large an amount. If it was passed

into juice at a temperature of 75°, that quantity might possibly be

absorbed ; but it would take at least 24 hours to do it. He how-

ever believed that no such quantity could be used or was necessary
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with the good quality of juice the Author worked with. A de-

scription shoukl also have been given in the Paper of the chemical

action which the sulphurous acid had upon the cane-juice.

Cane-juice contained gluten in more or less quantity, according

to the soil on which it was grown. Rich soils gave it in considerable

abundance, poorer soils gave but little. From the stunted size of the

canes, which were only about one inch in diameter, he should infer

that the canes which the Author had to deal with were grown on
very poor soil. If juice at 10° Beaume, being 1,070 specific

gravity, took up thirty volumes of sulphurous acid, it would
increase the density 13°, making it equal to 1,083 specific gravity

;

and therefore he thought it unlikely that quantity was used.

Gluten ordinarily gave sugar-masters mi;ch trouble. This sxih-

stance was soluble in the juice of the cane, as also in alkaline

solutions ; consequently, if the sugar-master put in too little lime

the gluten remained in solution, and if too much, the same result

occurred. Gluten was insoluble in sulphurous acid and the sul-

phites, and, by rendering it insoluble, it could be easily removed
with the scum ; but a much less quantity was required than was
generally used. Malt contained very much more gluten than cane-

juice, and it was found that 1 per cent.—of the weight of the malt

—

of acid sulphite of sodiiim was sufficient to render insoluble all the

gluten of the malt.

He was of opinion that precipitators might do very well for the

cane-juice ; but when it became sirup at 22° Beaume, the minute
insoluble substances held in suspension took a long time to subside.

Instead of the short time mentioned in the Paper, it would probably

require twenty-two hours to clear thoroughly at 22° Beaume. It

was a mistake to finish the clarification at 22° Beaume, because at

that density the sirup contained matters which became insoluble

as the density increased up to 30° Beaume ; therefore, if the clarifi-

cation was carried on up to 30° Beaume, and the sugar passed

through bag-filters, the whole of the insoluble matters would
remain behind, and the sugar would be of better quality.

A long experience had convinced him that sulphurous acid could

not compete with animal charcoal where white sugar was required.

To obtain a perfectly white sugar, an equally white sirup must be

used, because a portion of sirup was shut up in the plates of each

crystal, and could not be washed out. If merely grocery sugar was
required, there was no objection to sulphurous acid ; but it was
unsuitable when white sugar was wanted. The whitest sugar

made with sulphurous acid was grey, compared with real white
sugar ; and it would be unsaleable in the London market, Suffar-
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refiners would not pay the price for it, and ordinary consumers-

would prefer the yellow sugar.

The apparatus for boiling juice under pressure described by
the Author was not new ; it was eighteen years old, to Mr.
Beanes' knowledge ; but he never approved of it, and believed that

very serious injury might be done by it. To boil sugar under a

pressure of 6 lbs. would be equal to a temperature of 231°. If a

solution of perfectly white refined sugar was placed on a bath of

common salt (chloride of sodium) and left there for three hours, it

became quite j^ellow ; now the boiling temperature of common salt

was 224°, which was considerably under the temperature used here.

He thought the vacuum-pan was not the best kind of evapo-

rator ; at any rate, where it was used a larger heating surface

than that described in the Paper would be necessary, especially

with steam at such a low temperature. The use of megass alone as

fuel was not a new idea, as it had been carried out for at least

twelve 3'ears. He could give the names of several plantations in

Cuba where megass was used, to the total exclusion of wood and
coal.

Mr. James B. Alliott said, in the machinery under consideration

the rollers were remarkable for their large diameter. In the

operation of crushing the sugar-cane, there were two matters to be

attended to : one was to have sufficient pressure to extract the

juice, and the other was to take care that the already crushed cane

did not in its passage out of the mill soak up the juice already

extracted. So far as the latter point was concerned, no doubt large

rollers were an advantage, because the distance between the place

where the juice was expressed and that where the cane was ex-

pelled was greater than in small rollers ; but so far as the power
needed to produce a certain intensity of pressure was concerned,

that would be much greater with large than with small rollers.

The usual system was to make the rollers of such a diameter only

as was necessary to give the reqiiisite rigidity, and that might

be obtained, with rollers of the length mentioned, namely,

5 ft. 6 in., by giving them a diameter of only 28 in. or 30 in.

instead of 40 in., as in the Aba mills. There was, however, a

greater surface of cane under pressure at the same time in the

Aba mills than in the cases of smaller rollers. Therefore, if the

pressure per inch of cane were the same at Aba as in mills with

smaller rollers, much more engine power would be needed ; or, if

the engine power were the same, much less pressure per inch of

cane would be exerted by the Aba mills than by those having

rollers of the usual diameter. As had already been remarked, the

[1872-73. N.S.] G
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knowlerlge of the percentage of juice extracted was not very

material, because it varied so much according to the quality of the

cane ; but it was of great interest to know what percentage of

juice was left in the megass. On estates in which he was in-

terested in the West Indies, he observed, this year, that the per-

centage of juice left in the megass had been about 47 per cent, of

the total weight of the fresh megass. An average sample of

megass, weighing 10 ozs., when washed in water and carefully

dried, weighed 5*27 ozs., or rather more than half the original

megass. From the quality of the megass as described—namely,

that its loss in weight was over 40 per cent, before it was used for

fuel—he should not infer that the megass was more perfectly

crushed in Egypt than in the West Indies ; and therefore it

might reasonably be presumed that as perfect crushing was ob-

tained with rollers of comparatively small diameter as with the

very large rollers employed in Egypt.

Another matter which needed discussion was that of the evapo-

ration of the juice under pressure. For years past the object of

most of the inventions which had been made for the manufacture

of sugar had been to reduce the temperature at which sugar solu-

tions had been evaporated. Any temperature over 140' was preju-

dicial to solutions of sugar, and the damage done A^aried directly as

the time of exposure to heat and as the square of the difference

between 140' and the temperature attained. The evaporation in

the trays at Aba was conducted under a pressure of from 3 lbs. to

6 lbs., which corresponded to an increase of the temperature above
the normal boiling point of the liqi;or in the open air of from
8' to 16'.

Thus, taking 213' as the normal boiling point of juice, gaugino-
10' Beaume, the injury done by boiling it in the open air for, say
10 minutes, would be represented by 53-29, while it would suffer,

by being boiled for the same length of time under a pressure of

3 lbs., an injury represented by 65-61, and this would be increased

to 79-21, were the pressure on the juice raised to 6 lbs.

When comparing the trays in use at the Aba factory with the
ordinary Jamaica train or ' Triple-Effet ' apparatus, this greater
intensity of damage was to a considerable extent neutralised by the
short time during which the juice was exposed to pressure, since

it only remained in the concentrating trays about eighteen minutes,
while in the ordinary train of open pans it would be exposed
to the pressure of the atmosphere sometimes for an hour and a half,

or even longer ; and in the ' Triple-Effet ' apparatus, though boiling

at a lower temperature than in the open air, it would be exposed
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for two hours, or three hours, to .such a temperature as the pans

attained. It might be that the juice did not snifer so much in

the evaporating-tray as in the ordinary open train ; but he did not

think, on that account, that it was the proper course to evaporate

under pressure.

With respect to the readiest methods of concentration, if th^

Aba tray were an improvement upon the ordinary system, cer-

tainly the ' concretor,' though condemned in the Paper as one

of the rudest machines used in sugar manufacture,^ presented

advantages over the Aba trays. In the Aba trays the juice had a

temperature of from 8' to 1 6° above its normal boiling point, and
was exposed to this temperature for eighteen minutes, and this

gave a concentration from 10° Beaume up to 21° Beaume, In the

concretor the juice was concentrated from 10° Beaume—not merely

up to 21° Beaume, but up to 28° Beaume or 30° Beaume—in less

than ten minutes, and at a temperature from 8° to 1 6° less than that

it was exposed to at Aba ; this was if the concretor was being used,

as it generally was, for making concrete sugar. If it was employed

as a means of concentrating for the vacuum pan, the juice Avould

be raised from 10° Beaume up to about 20° Beaume in seven minutes

or eight minutes, and exposed to a temperature never exceed-

ing 214°
; while it would be raised from 20° Beaume, to 28° Beaume,

or 30° Beaume, by exposure for about fifteen minutes in another

portion of the apparatus where it would only be subject to a

temperature of about 170°, a degree of heat not much higher than

it would be exposed to in the vacuum pan itself.

If, as was generally supposed, the application of heat was pre-

judicial to sugar—and if the damage caused was in exact proportion

to the time during which the sirup was exposed to heat—he thought
it would be found that the Aba trays were not an improvement
upon apparatuses already in existence for many years past.

With regard to the defecation of the sugar, there could be little

doubt that sulphurous acid gas possessed very powerful bleaching

properties, and that it would remove a verj^ large portion of the

colour present in the juice ; but if the whole of the sulphurous acid

was not removed, some change went on in sugar which had been

exposed to it. Whether it was because the sulphurous acid was
gradually oxidised and became sitlphuric acid, and thus caused the

evil, he left it to others to say ; but many instances of such changes

had been related to him by those who had observed them.

Mr. J. G. C. C. GonsMAN expressed a hope that, in an alimentary

« Vide ante, p. 39.

w 2
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and sanitary point of view, and considering the large consumption

of sugar Toy the lower and working classes, the question wotild be

fully sifted whether the use of sulphurous acid in the preparation

of sugar was prejudicial to health as compared with the other

process of animal charcoal. In the poorer neighbourhoods, his

attention had been called to the inferior character of the sugars

ordinarily sold, and in some cases to the circumstance that the acid

Avith which they appeared to be impregnated had sensibly affected

the paper in which the sugar was wrapped.

Mr. W. Knaggs said he had patented the evaporating tray,

referred to in the Paper, in 1865-66, and likewise the entire

system of clarification described; and he went to Egypt and

worked it. The large diameter of the rollers had been several

times referred to, and some speakers expressed their opinion

that they did not crush the cane so well as smaller rollers would

have done. All he could say was, they did not crush the cane

projierly, because, being very short, a great depth of cane was

required to feed them continuously. It was necessary to set the

rollers an inch apart, consequently, with a glut of cane the mill

stopped ; and if the mill was slacked the cane came away unground.

Had the rollers been longer and of less diameter, so as to admit of

a wider feed, they would have done better. No experiments were

tried at Aba to determine the capabilities of the rollers. He was

there when the mill started, and he, his son and his nephew were

ihe parties in charge of the mill. With regard to the sulphurous

acid process, the Author had left out an important item in reference

to the clarification. Kot a particle of the sugar was made without

the use of permanganate of soda, and part of Mr. Knaggs' patent

was for the use of sulphurous acid combined with permanganate of

soda. The action of sulphurous acid was to coagulate the albiiminous

principles in cane-juice and to bleach the' green colouring matter and

throw it up in a state of scum. An experience of thirty years as a

planter and manufacturer of sugar had convinced him that this was

the best means of clarifying the cane-juice. "With the use of sul-

phurous acid and lime only, the juice generally remained cloudy

;

but the application of a small quantity of permanganate of soda

left the liquor perfectly bright and clear. He considered the cen-

trifugal pump was far preferable to the ' montejus ' or the ordinary

juice pump for raising the cane-juice. The juice pump was never in

the same capacity as the flxjw of juice from the mill, and air was

consequently injected into the juice, promoting decomposition and

fermentation ; while the ' montejus ' was always more or less in a

state of acidity and dirt.
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The clarifiers, he considered, should have been square to facili-

tate the operation of scumming, as it was necessary in this process

to remove the scum as fast as it rose on the top of the clarifier,

before the lime was put in to neutralize the acids for purposes of

boiling. The clarifiers acted well for the evaporating trays, the

only innovation upon his original arrangement being that nozzles

projecting upwards had been substituted for transverse tubes.

But there was one great fault in connection with the alteration

:

the steam pipes in connection with the safety valves rose through

the scum and froth of the boiling cane-juice, and as they were

heated to a high temperature by a pressvire of 60 lbs. of steam

internally, the sugar became charred on their surfaces, and formed

a black coating, which darkened the juice. He liad protested

against this arrangement.

Without wishing to detract from the merits of the concretor as

a great improvement on the old copper wall, he considered that

heating a thin film of the juice in the open air did more harm to it

than heating it in close vessels not exposed to the air. The system

of boiling the juice under pressure was contrary to his wishes, and

that was the only originality the Author of the Paper could claim.

The Author proposed to work the vacuum pans by putting a back

pi-essure on the trays, a process against which Mr. Knaggs had

also protested, and proposed instead that the Author should make
the vacuum pans with increased heating surface beneath, so that

the steam might escape freely from the trays.

He would ofier no other remarks except to put forward his claim

as being the inventor of these different processes, and to state that

he worked the entire process at Aba from beginning to end.

Mr. Anderson said, that although, in the first instance, Mr.

Knaggs had brought this system of making sugar under his notice,

he found afterwards that what Mr. Knaggs claimed to have in-

vented had been invented before. The sulphurous acid process

had been patented in 1838 and several times since. Permanganate

of potash, the use of which Mr. Knaggs claimed as a novelty, was

not used in the experiments made by Mr. Ogston in Egypt, and,

under the best chemical advice, had been completely abandoned.

The tray was Mr. Knaggs' invention, improved by the introduction

of the nozzles.

Mr. G. H. Ogston stated his belief that no permanganate of

soda was used during his experiment at Aba. He always dis-

approved of it, and understood that Mr. Knaggs had, in deference

to that opinion, given instructions to discontinue the use entirely

whilst the experiment was in progress.
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He would shortly state his reasons for objecting to permanganate

of soda being introduced into solutions of sugar, especially in the

presence of sulphurous acid, and chemists would readily recognise

their importance. Sulphurous acid was converted into sulphuric

acid by oxydation, the latter acid being highly destructive of cane

sugar when boiled with it ; and as permanganate of soda was an

oxydating substance of great power, it seemed, in the last degree,

dangerous to bring these bodies together in boiling cane juice.

He had never seen permanganate of soda used during the experi-

ment, and had every reason to believe it was not used.

Mr. W. Knaggs said he had a letter from Messrs. Easton and

Anderson, in which it was stated, that Mr. Ogston had made ex-

periments in clarifications, and decided that the permanganate of

soda process was beneficial and could do no harm whatever,

Mr. W. E. EiCH remarked, with respect to the large size of the

cane mill rollers, that their diameter was determined by the Khedive

himself when the factory was first talked of. It could be easily

demonstrated that large rolls required exactly the same power to

crush a given thickness of cane at a given surface speed as small

ones—excepting only a slight excess for overcoming the increased

journal friction in consequence of the greater weight; and that

excess might be estimated ' pro rata ' when other things were the

same. He could say with confidence, that no more power was
used in crushing a given amount of cane between rollers of large

diameter than in those of small diameter ; and in sugar factories

of sufficient extent to require one or more powerful cane mills,

large rolls were decidedly preferable to small ones.

Time was an important element in the efficient crushing of fibres,

and the time during which a particle of cane was under com-

pression in a mill varied directly as the diameter of the rolls.

In a mill with rolls of 4 ft. diameter, with a surface speed of

18 ft. per minute, the cane was subject to pressure during twice

the time it would be in a mill with rolls of 2 ft. diameter going at

the same speed. A rate of 18 ft. per minute was the established

speed for cane mills in the West Indies, and the Aba mills were
designed to run at that speed, but, in point of fact, they were run
at 27 ft. per minute and 30 ft. per minute, sometimes even at 36 ft.

per minute, with equally good results in the extiaction of juice.

Large mills could be made more rigid and stronger than small

ones, and as they presented wider jaws for the reception of cane, a

thicker laj^er could be carried through, and therefore much more
work could be done. At Aba, the stream of cane into a mill was
generally from 15 in. thick to 18 in. thick, and sometimes it ran
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over the top rolls. The engines which worked these mills were

capable of developing power three times as great as the average

power necessaiy for driving them. This amount of power was
required to overcome the jams occasioned by excessive gluts of cane,

and the way in which such jams were overcome proved the strength

of the mills. When a mill became choked and stopped, the prac-

tice was to reverse the engine, and then start it again at full

speed, and the jam was overcome without the slightest injury to

any part of the mill ; up to the present time not a single casualty

to the gearing had occurred.

The system of gearing presented great advantages over the

ordinary system. At first, it might be considered complicated

;

but a closer examination would show there was no ground for that

apprehension. Every pair of wheels was always in true gear with

two or three teeth in contact, the load per inch of the width of face

was in no case excessive, and, what was more, although thei'e were

ten wheels instead of seven, as on the old system, the ten were of

smaller and more convenient sizes for manufacture and transit,

and in the aggregate weighed 2 tons less than if the mill was
made on the old system. Some remarks were made as to the

strength of the copper vacuum pans. They were 10 ft. dia-

meter and ^ in. thick, and were built as nearly as practicable in

the spherical shape. He did not know of any means of ascertain-

ing the collapsing pressure on thin spheres of copper, except by
direct experiment ; but it was fair to estimate that a sphere

10 ft. diameter and ^ in. thick was at least twice as strong as

a thin iron cylinder 10 ft. diameter, 10 ft. long, and i in. thick.

If that were so, the collapsing pressure on these pans was at

least 84 lbs, per square inch, or six times the maximum working-

pressure.

Mr. John C. Wilson said he also had a claim in regard to a

portion of the sugar mill described in the Paper. He patented the

wedge motion for elevating the lower rolls on the 2nd of December,
1861. The arrangement in this case was the same, except that

his wedge was inclined in the other direction, the large end out-

wards, and the small end nearest the centre of the mill. The
latter arrangement had an advantage in this respect, that the
strain from the piessure was not thrown outwards as in the case

of the Aba mill, but was thrown inwards upon the side frame of

the mill, and added materially to the strength of it.

With regard to the machinery, the condensing engine was
not now considered to be the best engine for driving sugar mills,

but it was admitted that either the horizontal or vertical high
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pressure engine was the best, and these were generally used by
the largest manufacturers of sugar mill machiner}^ The high

pressure engine was economical in this respect, that the exhaust

steam was used for heating the clarifiers, and it was in itself

simple and economical, and did not require so much attention as

a condensing engine. He thought there was an objection in

having so much gearing close to the mill. It was much more
convenient to have the gearing at a little distance, as it allowed

the mill to be more easily cleaned, and had other advantages. He
thought there could be no serious objection to the employment
of the usual three pinions for driving the rollers ; they had been

in use for many years, and no practical objection had been found in

their working. The roller most out of gear was the feed roller,

and that had little work to do, being admittedly, in this mill,

1 in. away from the top roller. The megass roller did most of

the work and was most in gear. He thought the ordinary rect-

angular clarifier, with heating pipes in the bottom, and a scum
trough running all round the top, was much better than the one

adopted. The heating pipes in the rectangular clarifier were

immersed in the juice, and there was, therefore, no loss of heat

with them, whereas, this clarifier, on the French system, entailed

a serious loss of heat by radiation from the bottom casing.

He was surprised that no mention had yet been made of the

fact that the open fire process was absolutely beneficial in the

ultimate crystallization of the sugar when not extended beyond

a certain point. It made a firmer grain with less molasses. The
ordinary system of open fire evaporation in iron pans firing with

megass, and the waste flame passing through a multitubular boiler

placed in the flue of the copper, which raised all the steam necessary

for working the whole plant of the factory, was found practically

to be a very economical arrangement. Although he had pointed

out what he considered would be improvements in the design of

the work, he had no wish to detract unduly from the merits of the

Paper. On the contrar}^, he thought the Author deserved great

credit for the boldness and originality of his design, which ap-

peared to have been well worked out.

Sir John Alleyne, Bart., remarked that the rollers of a sugar

mill had to be set in the best way for expressing the juice from

the cane as a continuous operation, and they required no other

adjustment after being set to the proper gauge. It was very

different from the case of a mill rolling iron plates of difierent

thicknesses. He thought, looking at the machinery as a whole,

the amount of gearine; in the Aba mill was more than there was
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occasion for. He was acquainted with the working of three sugar

estates in Barbadoes. On one of these the juice was raised by

centrifugal pumps, in consequence of which the weight of the sugar

was less, and its price decreased. The juice should have been run

straight from the mill, and then both it and the gutters would

have been accessible at all times for cleaning. If air was sucked

in by the pumps the juice must be at a low level, and the pumps
should be stopped till more liquor was collected. But the pump-
ing was a great evil, and he believed it was increased by the high

velocity of the centrifugal pump. It had been stated that the

'montejus' condensed a large portion of the steam, but the resulting

evil was not great, because the juice was practically heated, and

less mischief was done in reducing the density of the juice than

the pumping did by promoting acidity.

Defecation by the sulphurous acid process was a main question,

as it was important to ascertain how defecation could be best

carried on with least waste. Not long since, he went over many
beet-root sugar factories in Holland, and there the defecation was
effected by carbonic acid. There was a limekiln on the works,

with a blowing engine like that for blowing air into a blast

furnace, by which the carbonic acid was pumped from the lime-

kiln through the juice. The juice was first treated with an excess

of lime, and the effect of the carbonic acid was to convert the lime

into carbonate of lime, which was deposited as mud. He wished

to ask the chemical gentlemen present whether that was what
really took place, and whether that process did not stop fermenta-

tion much more effectually and give a better defecation than the

sulphurous acid process did ?

Mr. Beanes, by permission of the President, asked Sir John
Alleyne whether he had ever seen an instance where carbonic acid

had been used with sugar cane juice ? He was under the impres-

sion that sugar cane juice contained acetic acid, and as that was
stronger than carbonic acid it would maintain the lime in solution.

Sir JoHy Alleyne did not know of any instance where it had
been employed with cane juice, though carbonic acid was used in

all the beet-root factories in Holland he had visited ; but he
thought sugar could not be extracted from beet-root juice if the

ordinary battery of open ' taches' of the West Indies was used.

Dr. Henry Lethkby said it must have been in the minds of all

present that this was not altogether a question of machinery, for

it involved other principles than those pertaining to mechanics.

It was evident, indeed, from the general scope of the discussion,

that many important chemical principles were concerned in the
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economic production of sugar, and that these must be kept in

view from the first moment the sugar producing plant began

to sprout, until its juice was brought into the condition of crys-

tallized sugar. In point of fact, many of the points previously

touched upon were, to a great extent, subsidiary to the main

question.

With respect to the growth of the cane, it was well kno"v\ai that

if the soil was a little overcharged with saline matter, it Avould be

found in the juice, and would seriously interfere with the pro-

duction of crystallizable sugar. So, also, during the maturation of

the plant, the amount of light, the presence of too much moisture,

and the degree of temperature to which it was subjected, would

affect the quality of the cane juice, not merely in its percentage

proportion of sugar, but also in its richness in those nitrogenous

matters which interfered with the production of crystallizable

sugar during the processes of defecation and evaporation.

Turning, however, to one of the principal subjects of discussion,

namely, the action of the rollers and crushing machinery, it was a

very important question, whether it was really desirable to get all

the juice possible out of the sugar cane ; for it was a well-known

fact that the juice first squeezed out, coming as it did from the

loose cellular tissues, was much richer in sugar and less charged

with albumen and saline matter than that which flowed from the

harder tissues.

Ill the olden time, there was less difficulty in crystallizing

sugar, and larger products from a given volume of juice were

obtained than now, when so much greater pressure was applied,

9,nd when the yield of juice was, perhaps, almost doubled. He
did not know the yield of the Egyptian canes, but formerly,

in the West Indies, when not more than 50 per cent, of juice

was obtained, sugar was made at a profit. Now, on an average,

from 75 per cent, to 80 per cent, of juice was obtained ; but that

juice was so charged with nitrogenous and saline matters coming

from the harder tissues of the cane, that he doubted whether

it did not interfere very considerably with the profitable work-

ing of the sugar afterwards, and it was a question whether there

would not be an advantage in separating the two juices from

each other ; for, ordinarily, they had a little less than two parts

of saline matter in one thousand, and the same proportion of

nitrogenous matter in the juice which flowed from the soft tissues
;

but, by higher pressure, sometimes nearly' double that quantity of

these objectionable impurities was extracted. It was evidently,

therefore, an important point for consideration, whether it would
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not be profitable to separate the juice of the first pressure from

that of the second, seeing that in the first case a ninch better

sugar was obtained than in the second.

AVith regard to the action of sulphurous acid, an examination

of the cane juice under a microscope directly it was expressed

would show it to be full of minute granules like corpuscular

germs. These were, perhaps, the immediate agents of fermentation,

which, in a warm climate, took place almost immediately. As a

prime consideration, therefore, those germs must be killed at once.

One of the most important effects of using sulphurous acid was
that it stopped their growth, for it had the effect of immediately

arresting fermentation. But it did more. There was a kind of

albuminous matter in cane juice, which, like common albumen, was
coagulated by heat. There was also another nitrogenous substance

of the nature of caseine or legumine, which, like the albumen of

milk, was not easily coagulated by heat. It was, however, coagu-

lated by sulphurous acid, and, therefore, when this acid was added

to the juice, it not only destroyed the minute germs which were

ready to set up fermentation, but it also coagulated the other forms

of albumen, and so helped to bring these matters to the surface as

a scum in the after treatment of the juice.

As regarded the use of carbonic acid, it might in some instances

act beneficially—as in the case of beet-root juice—by displacing

atmospheric air ; but he had no experience of its use in clarifying

cane juice, and he did not think it could be substituted for sul-

j)hurous acid, for it was the especial property of that acid to

coagulate, and so aid in the removal of those nitrogenous matters

Avhich interfered seriously with the production of crj^stallizable

sugar, and which tended to convert it into the degraded or inter-

verted form, called molasses ; and, so far, the sulphurous acid had
an advantage over every other form of gas in attacking these

objectionable albuminous products.

As to the system of evaporating sugar under pressure, which was
in operation in the Aba works, every chemist who had given atten-

tion to the subject knew that when sugar, either diluted or concen-

trated, was subjected to a higher temperature than 165° or 170° it

was changed, or, as it was termed, degraded from its crystallizable

character into uncrystallizable. It was, therefore, manifestly wrong
to subject cane juice, under any circumstances, to a temperature

higher than was necessary for evaporation ; and unless fuel was so

dear that it was too expensive to get steam otherwise than by the

utilization of that which came from the evaporating juice, it was
a most mischievous proceeding—^judged, as he judged it, from a
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scientific point of view—to effect the first evaporation of sugar in

the manner described in the Paper. The subsequent processes of

the manufacture involved chemical principles which required to be

looked at in detail ; but he might say the presence of albuminous

matters, the presence of saline matters, the presence of minute

quantities of acids, or even of alkali, from a too liberal use of it,

were the chief causes of the degradation of crystallizable sugar

;

and although the machinery might be perfect, and the appliances

for evaporation admirable, yet if these important causes of mis-

chief were not taken into consideration, it would not be possible

to realise to anything like the fullest extent the profitable manu-
facture of sugar.

Mr. E. A. CowPKR said he did not think the advantage of large

rolls was quite appreciated. He approved of the plan of driving

rolls by wheels of larger diameter than themselves. The rolls for

gold at the British Mint were so driven, as well as the rolls at

the Sydney Mint, for which he made the drawings. Much greater

steadiness was thus obtained, and the side-strain on the bearings

was considerably reduced. Of course one roll must in this case be

driven from one end, and the other from the other end ; in each

case the large wheel was driven by a pinion. There was by

this means great leverage over the rollers, and much less chance

of breakage. He thought large diameter was an advantage in.

taking in a heavy feed. In the case of the Aba mills, he understood

as much as 18 in. thickness of cane was sometimes passed through.

It was therefore evident the rolls must be further apart than

if a feed of only 4 in. or 5 in. was put through; but the regu-

larity of the pressure on a large mass of cane was greater than

when a small thin layei- was put in, as very often spaces occurred

between the canes in which juice was liable to escape. He could

not but think large rollers were best ; they cost more, but it was

money well spent.

Another advantage was that the cane was under pressure for a

greater length of time, the pressure commencing at a point further

from the bite of the rolls, and the consequence was that the

canes, when relieved, had not the same opportunity of soaking

up the juice again, like a sponge, as the juice was kept a

greater distance back from the extreme pressure of the rolls than

was the case when the rolls were small. Therefore he thought the

larger rolls had a better effect in extracting the juice ; and they

certainly gave more time for the juice to get away.

Then there was the question of the power required to reduce

the cane. It was immaterial whether that operation was per-
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formed gradually or more quickly, if tlie reduction were the same.

The work done was precisely the same in either case. There

was, however, more surface of cane pressing against the large

rolls than the small ; hence the pressure on the bearings was
greater, and—supposing the bearings were in proportion to the

size of the rolls—the friction was a little increased.

One point should never be lost sight of in comparing the results

of the different processes of manufacturing sugar, and that was the

relative amount of fuel consumed in evaporating the juice. In

the case of a ver}"^ weak mill, only expressing 60 per cent, of juice

instead of 70 per cent., there would be much more fuel in the

megass in the form of sugar to evaporate the 60 per cent, of juice

than there would be in the megass from which 70 per cent, had

been expressed ; and this lesser quantity of fuel would have the

greater quantity of juice to evaporate. Taking these proportions,

in the one case there were 129 units of fuel, and in the other 100

units of fuel, to evaporate a given quantity of juice.

With regard to the pumps, he thought that as a steady stream

of juice was to be sent to the upper part of the mill, the centri-

fugal pump, with properly formed arms, was the best, as there was
no churning up of the juice, or sending up air mixed with it ; there

were no valves to pass, and the juice would go up in a solid column.

The system of blowing steam in, notwithstanding its extensive

use, seemed to him a very crude one, inasmuch as a certain quantity

of water was thereby added to the juice, which had to be evapo-

rated out again ; to say nothing as to the objection of adding any
water to raw juice.

With regard to the exact neutralisation of the acetic, sulphurous,

and other acids in the juice, he thought hardly sufficient stress

had been laid on this branch of the subject. If neutralisation was
not perfect, a certain quantity of lime was carried away in the juice.

It was well known to chemists that water with sugar in it would
take up lime more readily than water without. Therefore it was
important to have no excess of lime, as it would deteriorate the

sugar, and ' fir ' up the apparatus. He was very glad to hear that

the sulphurous acid plan had been so well carried out, and that

the clarification of the juice seemed to take place so satisfactorily,

as it was a very great point to save the necessity of using animal
charcoal, which was very expensive. It was important in neiitral-

ising any liquid, to see that the whole body of liquor in the pan was
well mixed, or it could not be done accurately. The China clay,

or whiting, appeared to be a good way of weighting the flocculent

matter in the juice and carrying down the impurities.
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With regard to the trays—as suggested by Mr. Knaggs—and

carried out by Mr. Anderson, with the improvement of the nozzles

and the addition of a little pressure— it seemed that the tempera-

ture could not be seriously injurious to the sugar. It was well

known that good sugar could be made with ordinary pans exposed

to a naked fire. If proper precautions were taken, he did not think

that a steam temperature of about 290*^, applied to the under-side

of the pans, the juice being at 222°, was likel}^ to do any serious

injury in eighteen minutes.

There was actual proof that less molasses were made, because

there was less burning by the temperature due to 3 lbs. pressure

with the weak juice, and afterwards by the temperature of the

vacuum pans, than there was with other processes. If any ob-

jection was still made to the 3 lbs. pressure, he would refer to the

indicator diagram from the low-pressure engines (Plate 5) ; which

showed that the steam was taken from the trays or concentrators,

and used in the engine at a vacuum of 15 inches of mercury, so

that the pressure of the steam in the cylinder was half a vacuum

;

and there might be that amount of vacuum in the concentrators,

if desired, in which case the whole of the evaporation would take

place under partial, though not perfect, vacuum. It was possible

to do that, because the engine worked with so low a pressure ; thus

the juice might be under a partial vacuum the whole time.

In 1804, Richard Trevithick suggested the use of the steam from

the juice being concentrated to work the steam engines.

Mr. Bramwell said the Paper embraced not only the bare

facts relating to the manufacture of sugar and to the machinery

employed, but also a statement of the principles on which the con-

struction of the apparatus was based, and of the results obtained.

It would afford data useful as well for other manufactiires as

for the particular manufacture under consideration. The Author

had referred to some interesting facts in relation to the heating of

water and ofjuice, showing the power of conduction under different

circumstances. The question of heating might be divided into two

branches : first, heating up to the point of ebullition, and secondly,

heating after that point was reached.

From the results stated, it appeared that there were transmitted

through each foot of surface per hour per degree of temperature

of difference between the heating side and the side heated 260

units of heat, but that as soon as ebullition took j^lace the power

of transmission was raised to as much as 606 units ; it further

appeared that, when in the concentrator the juice was being dealt

with, there was similarly a great difference in the power of trans-
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mission, namely, 219 units while the juice was being heated, and

521 units after ebullition had commenced.

Many years ago Mr. Bramwell was occupied about the combined

vapour engine of Du Trembley, and, as that engine was a novel one,

he had to make experiments to collect the requisite informa-

tion. It might be in the recollection of the members who had

heard the late Mr. J. W. Jameson's Paper "On the Performances of

the Screw Steam Ship ' Sahel,' fitted with Du Trembley's Combined-

Vapour Engine, and of the sister ship ' Oasis,' fitted with Steam-

engines worked expansively, and provided with partial Surface

Condensation,"^ that in the combined vapour engines the con-

densation of the water steam of the first cylinder was effected by

surrounding the condensing surfaces with ether, which, in con-

densing the water steam, became itself evaporated for use as an

ether steam in a second cylinder. Mr. Bramwell's experiments had

been directed to the determination of the amount of surface required

for the condensation of the water steam and also for that of the

ether steam, and in the course of these experiments it was found

that great effect was produced by using ether as the surrounding

medium for surface condensation : this great effect no doubt arose

from the fact that the ether was itself evaporated while it condensed

the steam. He was not able to lay before the meeting the exact

results of those experiments, but they were entirely corroborative

of those given in the Paper. Last April he had occasion to

make experiments upon the rate of heating and evaporation that

could be obtained under varjdng steam pressures in a jacketed

copper pan that contained 100 gallons up to the working level, and

had to the same level 25 square feet of heating surface. He tried

first with steam at 5 lbs., then with 10 lbs., then with 15 lbs., and

finally with 20 lbs. above atmosphere. With 5 lbs. pressure, from

the temperature of 58°, at which the water was put in, up to 200°,

the transmission of heat per 1° of difference of temperature between

the steam used and the water that was being heated—the tem-

perature of that water being taken every five minutes—was (in

units) 161, 151, 176, and 160, the variations being no doubt due to

some inaccuracy of observation ; but from a temperature of 200^ to

2l2° the rate of transmission went up to 327 units; while when
ebullition commenced the rate of transmission increased at once to

427 units. With steam at 1 lbs. above atmosphere, the rate of trans-

mission while heating up to the boiling point per 1° of difference

of temperature and per superficial foot per hour was 186 unit>< of

' Viile Minutes of Proceedings Insi. C.E., vol. xviii., p. 233.
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heat, and, after ebullition commenced, was 435 units. With steam at

15 lbs. above atmospheric pressure, the transmission after ebullition

commenced was 458 units : unhappily at this pressure there was a

failure to record the transmission prior to ebullition. And lastly,

with steam at 20 lbs. above atmosphere, the rate of transmission

appeared to be 205 units before ebullition and 488 units after

ebullition. Taking the average, he might say that from cold water
up to about 200*^ the rate of transmission was 162 units, close upon
the boiling point 327 units, and at and after the boiling point was
attained 427 units. These figures were not so high as those given

by the Paper before the meeting, but the pan he used had been

erected for eight or nine years, and probably the surface of the

copper on the steam side was incrusted with deposit. He believed

if the material had been new the results would have shown other

figures, and would have brought them up to the level of those in

the Paper ; but as it was, the rates of transmission recorded cor-

roborated the fact of the enormous increase of conduction the

instant evaporation began.

It had been suggested by Mr. Anderson that the greater rate of

transmission was due to the increased circulation of the water when
ebullition began ; but Mr. Bramwell doubted if that could be so.

Whether the water were stagnant or not, he thought there was
abvmdant proof in the experiments themselves that the temperature

of the film next the skin of the vessel must be practically that

of the bulk of the water, the proof being that, taking the tempera-

tures of that bulk as the basis for the calculation, such a very uni-

form rate of transmission per 1° of difference of observed temjDerature

was obtained. Now, it seemed to him, this would not be the case

if, owing to the water being comparatively stagnant, the film next

the skin became much more highly heated than the bulk of the

water, and was not, therefore, as competent to receive further acces-

sions of heat as it would be if the water were in rapid motion. The
consideration of these facts led him to believe that the cause of the

more rapid transmission of heat after ebullition commenced could

not be due to the comparative non-mobility of the water before

that time. On these grounds, he did not think the theory of

Mr. Anderson was the right one, although he was not prepared to

substitute another for it.

Mr. W. Knaggs, in explanation of his previous remarks as regards

the rollers employed in the Aba mills, said, that he did not object

to the large size of the rollers ; on the contrary, he agreed that

large rollers crushed cane better than small ones, but the insuf-

ficient pressing of the cane was the result of other mechanical im-
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perfections connected with the mills, which were, in his opinion,

susceptible of improvement. At the same time he thought the

advantage derived from the use of such heavy rollers and com-

plicated gearing—notwithstanding the increased quantity of juice

expressed—would not compensate for the extra cost and power

required to work them.

With regard to the permanganate of soda, twelve months ago

Mr. Ogston expressed some doubt as to the system, on the ground

that the permanganate of soda might act as an oxydizing agent, and

convert the sulphurous acid into sulphuric acid. Accordingly,

some canes were brought from Egypt, and a series of experiments

were made at Erith, by clarifying the juice with sulj)hurous acid,

lime, clay, and permanganate of soda. The result was highly

successful ; he had a letter from Messrs. Easton and Anderson,

expressing satisfaction with it; and subsequently 20 tons of

permanganate of soda were sent out to Egypt, at an expense to the

Viceroy of £1,600. He was, therefore, greatly surprised to hear

Mr. Ogston say he knew nothing about the use of permanganate

of soda at Aba. His son, who had charge of the clarifying at that

place, was present, and he could testify that in every case there

was a small addition of that substance. When the canes were
of good quality, no doubt perfect clarification could be effected

with sulphurous acid and lime alone ; but the cane in Egypt was so

inferior last season, that good clarification could not be obtained

without permanganate of soda. It was not likely to produce sul-

phuric acid, because the sulphurous acid was neutralized with lime

before the permanganate was applietl, and it could only therefore

convert the suljihite of lime thus formed into sulphate of lime

;

but even if it had been added to the juice prior to the neutraliza-

tion of the sulphurous acid, and did convert it into sulphuric acid,

the latter would have been immediately neutralized by the soda

set free, and sulphate of soda would have been formed. He did

not, therefore, think there was any danger on that score. He
maintained that the description given in the Paper did not repre-

sent the process as performed at Aba. He started the mill, and
left three daj^s before the crop was over, while his son remained to

finish the work.

Mr. G. H, Ogston observed that the effect of animal char-

coal upon cane juice had been sufiiciently studied to admit of

defining the limits within which it could be economically employed,

and of proving that although it would remove colour from vege-

table solutions more perfectly than any known substance, it would
not remove the objectionable nitrogenous compounds in cane juice

[1872-73. N.S.] H



98 ABA-EL-WAKF SUGAR FACTORY.

whicli were precipitated bj' some other means. As far as lie knew,

it was the universal experience, that dilute solutions of cane sugar,

before or after treatment with animal charcoal, required to stand

but a very short time, even at the ordinary temperature of this

climate, before chemical change set up. In the whitest samples

exhibited of finished sugar there was absolutely no inverted or

uncrystallizable sugar, because they had been steamed in the cen-

trifugal machine, whilst the darker ones were simply washed with

dilute sirup. In those that retained a tinge of colour, there might

be, perhaps, 0*5 per cent, ofuncrystallizable sugar attached mechani-

cally to the crystals ; the fact being that the uncrystallizable

sugar remained in solution in the sirups, when they were con-

centrated to a point far beyond that ever reached in a sugar

factory. It therefore passed through the centrifugal machines, and

constituted, after the last boiling, molasses, a product which was
usually sent to the distillery for conversion into spirit. Even
when concentrated to the condition of treacle, the sirup still failed

to deposit inverted sugar, so that there was no possibility of any

remaining with the first white products. The samples upon the table

contained, in fact, more than 99 per cent, of actual crystallizable

sugar.

The action of sulphurous acid upon cane juice was two-fold.

First, it precipitated— in the form of flocculencies—gluten, colour-

ing, mucilaginous and other kindred complex substances containing

nitrogen, and thus was more effective than lime alone. Secondly,

it arrested the change which the substances still left behind—
including sugar itself—were so prone to undergo, in regard to

colour. It was the uncrystallizable sugar which more easily

became darkened by the effect of heat alone; and as by the

sulphurous acid process the colour of the sirups, when they

arrived at the vacuum pan, was much less than by the ordinary

mode, it seemed one proof that not only was the original colour

of the juice removed by its agency, but that the easily-coloured

inverted sugar was not produced during the concentration in

nearly such large quantity as when the ordinary mode of de-

fecation was used. Eeference had also been made to the quantity

of sulphurous acid required to produce the desired effect. It was

extremely small, but the minimum amount had not yet been

accurately arrived at, because the arrangements for distributing

the gas were not so perfect as they have since been made. This

point had not hitherto received the attention it demanded.

He believed that not more than xV^^- of sulphur per 500

gallons of fiuid would now be required—in all probability
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^ lb. sulphur to the first ton of sugar would be sufficient. A
misunderstanding had taken place as to the Author's meaning
when he referred to the power of cane juice to absorb 35 times

its volume of sulphurous acid gas. It was of course meant to

indicate the extreme ease with which the gas could be applied,

owing to the readiness with which it was taken up, and that pre-

cautions were in reality necessary to prevent its too rapid absorp-

tion by the juice.

Cane juice was so delicate a material to deal with, that no doubt

the same watchful care should be bestowed upon its treatment with

sulphurous acid as was taken with lime or other defecation ; and the

means for its exact regulation were in the present arrangement at

hand. This was not entirely the case last season ; and he believed

that had there been more perfect control in this respect, better

results would have been obtained.

It had been remarked that the samples on the table were none

of them really white sugar, although they appeared to be so, and
that on comparing them with English loaf sugar, it would be at

once seen that they had a greyness of tint. There would seem

to have been a misunderstanding as to what the Author meant
to convey. There was no idea, Mr. Ogston believed, and certainly

it was not his opinion, that sugar, as white as best English loaf

sugar, would ever be economically produced, at one operation, from

cane juice ; and, at present, he did not think that sulphurous acid

would take the place of animal charcoal in the second or refining

process ; but what was contemplated by the advocates of the sul-

phurous acid mode of treatment, was to produce as good results

in weight and colour from cane juice direct as could be obtained

by the use of animal charcoal, but at a much less cost. This had been

more than accomplished at Aba, its produce being compared with

that of Bene Mazar, which, in the same locality and under similar

conditions, was excellently worked on the French mode and with

animal charcoal.

He concurred with the Author, in attributing the success at

Aba to the mill having been arranged from the beginning, with

reference to sulphurous acid treatment ; and he looked for better

results when some small improvements, suggested by the experience

of last season, were made in the gas apparatus.

It appeared that great diversity of opinion existed upon several

of the more important questions that had been raised. It had been

said that the best results could not be obtained in evaporating

vessels in which the thermometer rose above 150^ or 160°
; and, on

the contrary, it had been stated that the best sugar was only pro-
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diiced on estates on which the first evaporations took place in open

pans over the naked fire ; and he believed that the different restilts

obtained in different places, by nominally the same process, were

sufficient to justify a great diversity of opinion. The truth was,

the extremes of the two conditions mainly tending, in properly

defecated jiiice, to degrade sugar during the concentration of its

solutions, were almost equally to be avoided ; they were long ex-

posure and excessively high temperature. Within certain limits,

one of these evils was as destructive as the other ; but they could

not be very well considered apart, because, so long as the sirup

was. not too dense to circulate freely, a point approaching a high

temperature might be reached at which the minimum amount
of harm would be done, owing to the rapid evaporation it pro-

duced in a skilfvilly constructed apparatus.

Of course, if the question was broadly put, "Is it desirable to

expose cane juice to a high temperature ?" the answer must be in

the negative. If, on the other hand, it were asked, " Would the

evaporation occupy a long time ?" the answer in the negative

must be quite as decided ; but as, in the present condition of the

manufacture, a loss, by the production of uncrystallizable sugar,

must be sustained, the machine to be sought for was an evaporator

that would do the least harm in either direction. In the tray

"which the Author had described, it seemed that this result had

been more nearly arrived at, than in any form of evaporator with

which he was acquainted. The evaporation was extremely rapid,

each particle of sugar being exposed for not more than 15 minutes

or 20 minutes, and the temperature could under no circumstances

rise above the boiling point of the solution, regard being had to

the slight pressure maintained.

In any apparatus in which a much higher temperature was em-

ployed, although the evaporation might be more rapid, the danger

of destruction by burning was unduly increased by the violent

ebullition which took place, giving rise to the formation of large

bubbles, which might leave portions of the heated surface dry,

although but for an instant of time. He arrived at this oj)inion

from investigations made some years ago on the rapid concentration

of another organic solution, when the change which took place

was shown to be much greater than was due to the general tem-

perature of the liquid. It seemed that in the case of moderately

dense solutions there was a liability of some portions of the sub-

stance dissolved being exposed, when the boiling was very violent,

to a temperature nearly approaching that of the surface with
which it was in contact. In the case of the evaporating tray, this
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temperature was limited to that due to the steam pressure in the

lower part of the apparatus, and the boiling was not so violent as

to create much risk from that cause.

The figures the Author had laid before the Meeting were the

result of a number of observations recorded by five independent

observers, and this showed the success that had attended the

arrangements at the Aba factory. The process of sugar-making
could not, however, be said to be in a satisfactory condition, whilst

so great a loss-—in the shape of degraded sugar—was admitted to

be necessary. Practically, the whole of the sugar in the crystal-

lizable form was found in the juice as expressed from the canes

;

and during the short time it was under treatment from 5 per cent,

to 25 per cent, was degraded into uncrystallizable sugar. In
scarcely any other manufacture would such a loss be submitted to,

and he believed it would not be long before much more satisfactory

yields were obtained. IMeanwhile, he thought that the arrange-

ments at Aba were an important advance in the interests of sugar

manufacturers, and that eventually their advantages would be

recognised.

He had already expressed his conviction that permanganate of

soda was not used during the time his experiments were in pro-

gress. He, however, knew that it had occasionally been added
to the cane juice before he went out to Egypt, and he attributed

its discontinuance to his frequently expressed disapproval. His
belief was, that it was not used during his observations. He
was many times a day on the clarifier stage in the course of his

experiments, and he never saw it once used, and, therefore, for a

great proportion of the time, he knew it was not used. There
were also four gentlemen engaged in making the observations,

one or other of whom was on the stage night and day, and no
report had been made to him of its use. He was, however, quite

satisfied that Mr. Knaggs believed his son, who had charge of the

clarification, did use it. Permanganate of potash was an oxydiz-

ing substance of the most active character, and, besides yielding

oxygen most readily to sulphurous acid, converting it into sul-

phuric acid. It would add a soluble alkaline salt—manganate of

soda—to the sirup, and it was agreed by sugar refiners that any
salt of that character would destroy five times its own weight of

crystallizable sugar. For those reasons, he was opposed to the use

of permanganate of soda as a defecator, and, at the best, he con-

sidered its use extremely dangerous.

Mr. John Dixon said that he had been in Egypt and had seen

the machinery described in the Paper, and could bear testimony
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to its excellence ; but he could not help thinking that the Khedive,

in spending so large a sum in the construction of such works, was
really expending the national resources without any prospect of an

adequate return. Egypt was strictly a producing country. It

always had been so, and in no period of its history had it ever

been distinguished for its manufactures. Those who were

acquainted with the Egyptians of the present time would support

him in sapng they were not adapted for the pursuit of mechanical

or manufacturing operations. It was not reasonable to suppose that

they could succeed in such an enterprise when competing with the

inhabitants of Great Britain, France, or Germany, where the manu-

facture and refinement of sugar was carried out to the greatest

perfection. Sugar refining would not be more successful in Egypt

than it had been in the East Indies, where it proved an entire

failure ; and he ventured to predict that a similar fate would attend

this enterprise.

Mr, H. Davy, through the Secretary, remarked, that during the

discussion of the chemical view of the manufacture of sugar some

points were raised on which it was desirable some additional in-

formation should be given. He would ask whether in the sulphur-

ous acid process the acid precipitated the gluten and other nitro-

genous bodies present in the juice after expression from the cane?

or were the foreign bodies precij)itated by the boiling as scum, and

the sulphurous acid used merely as an antiseptic and bleaching

agent ?

Some question had arisen with regard to the solubility of sul-

phurous acid in water, or solution of juice ; the fact was, that the

amount varied with the temperature ; water at 0'^ centigrade ab-

sorbed 69 volumes, at 10° centigrade 51 volumes, at 20° centigrade

36 volumes.

It had been stated that permanganate of potash improved the

crystallization and colour of sugar. That chemical compound was

a powerful osydizing reagent, and was used in Condy's fluid as a

disinfectant, so that its action would probably be just the reverse

of that desired, and cause the formation of other products than

sugar ; and if any sulphurous acid were present in the solution,

sulphui'ic acid would be formed which would destroy the sugar.

Experimentally, it might be possible to obtain favourable results,

provided all the sulphurous acid were eliminated previously to the

use of the permanganate, for if the organic colouring matter were

more easily oxydable than sugar, then it would be oxydized and

destroyed.

The action of animal charcoal in purifying sugar might be easily
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observed, but was difficult to understand. Some chemists stated

that the nitrogen held by the charcoal was the cause of the purify-

ing action ; others that it was effected by galvanic action, and
others by absorption ; but possibly the presence of phosphate of

lime was the immediate cause, as charcoal which contained that

compound acted more efficiently than charcoal without it. In the

manufacture of sugar from the beet-root, a large quantity of calcic

hydrate was used, far more than was needed to neutralize the acid

present in the juice. Why so much was used he did not know

—

the juice containing the lime was boiled, and the scum removed.

The compound of lime and sugar was not so easily acted on by
heat as sugar in its pure state. After the scum was removed, car-

bonic acid was passed through the solution ; the lime was deposited

as carbonate, leaving the sugar to be concentrated. The sugar

derived from the beet-root and that from the cane had the same
composition and, he believed, the same chemical constitution. He
did not consider lime to be inimical to sugar. Generall}^, all acids

destroyed sugar, bases did not ; but that proposition must not be

taken as absolutely true, as the more alkaline the base, the less

action it had upon sugar—thus potash had less action than lime.

There were other methods of purifying sugar which were simple

in principle ; but he was unable to state whether they had been tried

on a large scale. When baryta was added to cane juice a precipi-

tate was formed, consisting of an insoluble compound of baryta and
sugar. The impurities remained in the solution. If this precipitate

was separated from the solution by filtration and washed and
then suspended in water, a stream of carbonic acid passed into the

water would precipitate the baryta as a carbonate and leave the

sugar in solution. Another method was to add the subacetate of

lead to the cane juice ; this carried down all the impurities as a pre-

cipitate leaving sugar in solution ; the addition of sulphurous acid

caused excess of lead to be precipitated as sulphite ; the lead was
so completely removed that no trace of it could be found. It

was stated by chemists that sugar prepared after the old method
contained far more lead than was obtained in this way. He
.trusted that some information would be given to the Meeting,

with regard to these two methods of preparing sugar, and if such

there were, the difficulties of their being carried out on an extensive

scale.

As regarded the mechanical arrangements, he considered

that, unless under very exceptional conditions, a vacuum pan

should not be converted into a boiler. Supposing the pressure

of steam to be 3 lbs. on the square inch, the temperature would
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(approximately) be raised to 91° Falirenheit above boiling point at

atmospheric pressure. The increase of temperature and the longer

exposure to heat would of course increase the proportion of un-

crystallizable sugar. It was well known that the more rapid the

concentration and the lower the temperature the less amount of

sugar woiild be decomposed.

Mr. D. Halpin remarked that the extra gearing in the ma-

chinery was probably introduced to modify strains which really

did not exist. As far as he was aware, the old arrangement of

three wheels had been found to answer all purposes. He believed

there was no strain on the pinions, and when the top roller was

running the others were driven as friction rollers. The difference

in the width between the rollers had no effect upon the strain on

the pinions. The driving wheel was 2 ft. 6 in. from the centre of

the pinion, and he thought that mode of construction should have

been avoided. The principal reason why rolling mills broke

down was because they were connected by a mass of loose and in-

sufficient framing. If they were put upon one frame, and that

sufficiently rigid, accidents of that nature would not occur. Roll-

ing mills were also frequently unequally set up, or in a direction

in which the rollers were not parallel, and, with careless feeding,

accidents took place. He thought the seven-wheel gear was prefer-

able to the gearing adopted in the Aba factory, involving ten

wheels besides extra shafts.

An opinion had been expressed that the mill should be placed

above the clarifiers and that pumping should be dispensed with.

He considered the centrifugal pump was the best, but that the

cane mill should be placed high up, and the juice collected by
gravitation. The use of the ' montejus ' was very troublesome,

but that of the ordinary cane pump was worse.

With respect to clarification, there were two systems—one by
fire and the other by steam. The former was very old, and was
seldom now used. It could not, he conceived, be advantageously

used, owing to the fact, that the heat could not be stopped at the

right point. There were two subdivisions of steam clarification

—one high pressure and the other low pressure. High pressure

was used in two systems. The French system, with a mass of

pipes swung on trunnions on one side of the clarifier, was very

complicated and difficult to clean. In the other system, steam

jackets were used as in the Aba factory. He could not see the

use of high-pressure clarification; low pressure was, in his

opinion, preferable, if the steam was taken directly out of the

engine. As a rule, if the sirup ran full from the mill the scum
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was cracked by the heat of the waste steam from the engine as

soon as the clarifier was filled.

It had been stated that the juice was boiled in the clarifiers

at the Aba factory ; he could not see any advantage gained by
that practice, because, as the juice was boiled, the dirt in the

liquor would become less capable of separation. The old low-

pressure clarifiers, where all the steam was obtained from the

engine, were much preferable to the high-pressure system. In

the evaporating arrangement in use at Aba there was only one

advantage, and that a slight one, namely, the juice was practically

kept at a constant temperature. There was no advantage derived

from evaporating under pressure, and he thought that with the

pans used there it would be troublesome to keep the work going

on. If they ceased running from any cause, and if the sugar got

jammed in at one end, the result would be serious. The economy of

working engines with 3 lbs. to 6 lbs. of steam was very questionable.

He had seen much better sugar than that exhibited made in the old

way, evaporated under atmospheric pressure and at a moderately

low temperature.

There were two points in connection with the centrifugal

machines which, he thought, were open to objection. One was
that the whole of the centrifugals were connected together and
driven by one shaft, and put in motion by some kind of friction

gearing. That system had been largely tried, but he thought it

was surpassed by the direct driven centrifugals, which start easily

with a load without causing belts—as they were apt to do—to slip

or break. He thought, with centrifugals of 40 in. to 48 in, running

1,200 revolutions to 1,500 revolutions per minute, third sugars

might be cured as fast as they were made without being obliged to

store them in the 196,000 gallon tanks provided outside the mill

for that purpose, and also to avoid the necessity of washing, and
thus destroying the grain of the first sugars. He would only re-

mark further, that he could not see in the arrangement of the

mill what advantage there was in keeping all the firing inside,

and he did not see why the boilers and evaporating pans could

not be ranged at right angles to their present position so as to

get the firing outside the mill, which he thought would be a

decided advantage considering the nature of the fuel—megass

—

and the temperature in the building, which must be almost

tropical.

Mr. Anderson, in reply upon the discussion, said the discussion

which had arisen upon the Paper had in a great degree neutralized

itself, as several of the questions put and remarks made about
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different parts of the machinery had been answered by gentlemen

quite as competent to deal with the subject as himself.

With respect to the percentage of juice expressed, and the

important relation that existed between the amount of fuel

necessary for making sugar and the quantity of juice obtained,

Mr. Cowper had fully explained the matter ; and an interesting-

illustration was given to Mr, Anderson last week by one of the

Engineers of the Colonial Company, who mentioned the case of

a factory making sugar for years without using any coal at all

;

but where, after having put up a more powerful mill and

strengthened the engine, they found, to their great astonishment,

that they were obliged to use coal, inasmuch as with their stronger

machinery they squeezed out more juice, and, consequently, left

less fuel in the megass.

It had been stated that it would have been better if larger

tubular clarifiers, and low-pressure steam had been used. Plain

spherical clarifiers had been preferred to tubular ones, on account

of the facility of cleaning and thoroughly mixing the lime and gas.

With regard to low-pressure steam, there was no objection to its

use, except in respect of time, the great object being to get the

clarifiers to boil as quickly as possible.

Much altercation had taken place as to whether permanganate

of soda had been used or not. He would say, from his personal

observation on the clarifying stage, that he had seen many clari-

fiers let down without permanganate of soda having been added
;

and Mr, Knaggs had told him he only thought it was necessary

with exceptionally bad juice. Chemists were so much agreed as

to the pernicious effects of the salt that its use had been inter-

dicted for the future.

The concentrators had been objected to on account of the high

temperature due to working under pressure. This objection was

perfectly valid ; and if coal were not a matter of very important

consideration, he should prefer concentrating the juice ' in vacuo.'

A mathematical law had been laid down by Mr. Alliott for ex-

pressing the injury done to the juice by time and temperature, to

the effect that, taking 140° as the starting point, any greater tem-

perature injured the juice as the square of the increase of temper-

ature, and as the time. Assuming the concretors to do at 214°, and

in ten minutes, what the Aba tray performed at 230°, in eighteen

minutes, it followed that the latter must injure the sirup over

2^ times more than the former. But Mr, Alliott had not said how
this measure was to be applied. Let it be supposed that the

percentage of molasses was the best test of the condition of the
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sirup, and then see how the formula worked in practice. The two

Australian mills, referred to in the table,^ both used concretors,

the one in conjunction with a vacuum pan, the other with a ^^^etzel

pan, both also using animal charcoal. Neither of them made white

sugar, but they produced from 41 per cent, to 48 per cent, of

molasses; whereas the Aba factory produced only 34 per cent.

But it might be urged that the conditions of soil and climate were

not the same, and that the comparison would not be fair on that

account. Then let Aba be compared with Bene Mazar. The two

factories were within 6 miles of each other, the canes and soil the

same, and the management identical. In the latter mill the con-

centration was performed in triple-action concentrators ' in vacuo,'

at a mean temperature of 170°, in 105 minutes; and therefore Aba
should make 1^ more molasses, whereas it only made -f^ths. He
must, however, do Mr, Alliott the justice to say, that he had since

informed him by letter that, though he had the greatest confidence

in the formula he had propounded, he was not the author of it,

and believed it was arrived at from vacuum-pan experiments, at

a time anterior to the invention of the concretor. He therefore

thought Mr. Alliott was a little venturesome in trying to impose

the law on the Aba concentration, especially as he had Mr.

Anderson's table of comparative production to test his formula by.

With regard to the statement made by Mr. Knaggs, that he

was the author of the process, and designer of the factory, Mr.

Anderson had already expressed his regret that, in curtailing the

Paper for reading, the introductory paragraphs, in which Mr.

Knaggs' name was mentioned, were omitted. It was a purely

accidental omission, and he repeated what was stated in the Paper,

namely, that the process of defecating cane-juice by means of sul-

phurous acid gas and other ingredients, combined with rapid con-

centration, was first introduced to his firm by Mr. Knaggs ; but he
thought the discussion had clearly shown that, with the exception

of the cane-mill gearing, which Mr. Knaggs certainly did not invent,

there was nothing new in any of the appliances, or in the use of

sulphurous acid. The factory was designed while Mr. Knaggs was
in Jamaica, and without any assistance from him ; and when he
came to England, in 1870, Messrs. Eastons and Anderson had
already commenced shipping the machinery. It was quite true

that Mr. Knaggs protested strongly against several of the arrange-

ments made, but Mr. Anderson had disregarded most of his objec-

tions; and to his firmness in that respect he attributed, to some
extent, the success of the factory.

' Vide ante, p. 64.
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In conclusion, he must say he had not brought this Paper before

the Institution as a collection of new inventions ; he merely claimed

to have combined apparatus more or less known in such a manner,

as to make a process hitherto unsuccessful a complete success. Kot

one of the experienced gentlemen who had spoken had challenged

the accuracy of the table of comparative yields of different systems,

nor had superior results been brought forward. These, after all,

were the tests, when combined Avith economy of fiist cost and of

working, by which the process should be judged.

December 3, 1872.

T. HAWKSLEY, President,

in the Chair.

The following Candidates were balloted for and duly elected :

—

Egbert Edavakd Fourkst, William Hall, John Skardon Heyman,

Egbert Morton, and Henry Egbert Waring, as Members ; Samuel

Abbott, John Addy, Stud. Inst., C.E., John Aiton, John Eomilly

Allen, Crawford Peter Barlow, B.A., Stud. Inst., C.E., William

Adamson Barron, George John Burke, John Mgntrigu Campion,

Stud. Inst. C.E., William Henry Clemmey, William Griffin

Davis, George Frederick Deacon, Francis Henry Evans, Eichard

Thomas Hall, Edward Westley Jacob, Ailsa Janson, Frederick

John Johnstone, William Benjamin Leggatt, Evan Leigh, Alfred

David Lewis, Major John Frederick Adolphus McNair, late E.A.,

Edward John Theodore Manby, Thomas Thomas Marks, Captain

James Law Lushington Morant, E.E., Lieut. William Gustavus

Nicholson, E.E., Wellesley Innes Noad, Stud. Inst. C.E., Francis

William Otter, Alexander Payne, William Pelham Eichardson,

James Egbertson, Alexander Mansgn Eymer-Jgnes, Charles

Edward Shepheard, Eupert Turberville Smith, Arthur Sgutham,

Thomas Samuel Speck, John Alfred Stockwell, Henry Tivy

Tomkins, Frederick Egbert Upcott, Griffin William Vice, James

Henry Waller, Stud. Inst. C.E,, Edward Bentinck Williams,

Corbet Woodall, Henry Egbert Woglbert, as Associates.

It was announced that the Council, acting under the provisions

of Sect. III. CI. 7, of the Bye-Laws, had transferred John How-
kins, jun., and Francis William Webb from the class of Associates

to that of Members.

Also, that the following Candidates, having been duly recom-

mended, had been admitted by the Council, under the provisions
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of Sect. IV. of the Bye-Laws, as Students of the Institution :

—

Thomas Blair, George Dijndas Churchward, Arthur Osbert

Cooper, Matthkw Curry, jun., Thomas Elmitt Curry, Percy

RiGDEN Dix, Bernard William Flatt, Gustave Adolphe Haas,

Frederick James Leigh, Boswell Parkinson Milsom, George
Phillips Mulock, Charles Edward Pickford, John Wallis Shores,

John Smith, Richard John Symonds, and Herbert Charles

Erskine Vernon.

The discussion upon the Paper, No. 1,349, " On the Aba-el-Wakf

Sugar Factory, Upper Egypt," by Mr. W. Anderson, was continued

thi'oughout the evening.

December 10, 1872.

T. HAWKSLEY, President,

in the Chair.

The discussion upon the Paper, No. l,3-i9, "On the Aba-el-Wakf

Sugar Factory, Upper Egypt," by Mr. W. Anderson, was continued

throughout the evening, to the exclusion of any other subject.

[Annual General Meeting.
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ANNUAL GENERAL MEETING.

December 17, 1872.

T. HAWKSLEY, President,

in the Chair.

The list of members nominated as suitable to fill the several

offices in the Council was read.

Messrs. C. Frewer, H. Hayter, E. C. May, W. Shield, T. M. Smith,

Joseph Taylor, and A. Williams, were requested to act as Scru-

tineers of the Ballot, for the election of the President, Vice-

Presidents, and other Members and Associates of Council for the

ensuing year; and it was resolved that the ballot papers should

be sent for examination every quarter of an hour that the Ballot

remained open.

The Ballot having been declared open, the Annual Eeport of the

Council, on the proceedings of the Institution during the past

year, was read. {Vide page 112.)

Resolved,—That the Eeport of the Council be received and
approved, that it be referred to the Council to be arranged for

printing, and that it be circulated with the Minutes of Proceed-

ings in the usual manner.

Eesolved,—That the thanks of the Institution are due, and are

presented to Messrs. E. C. May and J. Wolfe Barry, for the

readiness with which they undertook the office of Auditors of

Accounts ; and that Messrs. J. Wolfe Barry and W. Lloyd be re-

quested to act as Auditors for the ensuing year.

Mr. Barry returned thanks.

The Telford Medals, the Telford and Manby Premiums of Books,

and the Miller Prizes, which had been awarded, were presented.

{Vide pages 114—115.)

Eesolved,—That the thanks of the Institution are justly due,

and are presented to the Vice-Presidents and other Membeis of

the Council, for their co-operation with the President, their

constant attendance at the Meetings, and their zeal on behalf of

the Institution.

Mr. Harrison, Vice-President, returned thanks.

Eesolved unanimousl}^,—That the cordial thanks of the Meeting-

be given to Mr. Hawksley, President, for his strenuous efforts in
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the interests of the Institution, for his extraordinary^ attention to

the duties of his office, and for the urbanity he has at all times

displayed in the Chair.

Mr. Hawksley, President, returned thanks.

Eesolved,— That the cordial thanks of the Meeting be given to

Mr. Charles Manby, the Honorary Secretary, and to Mr. James

Furrest, the Secretary, for their unremitting and zealous services

on behalf of the Institution and of the profession.

Mr. Manby and Mr. Forrest returned thanks.

The Ballot having been open more than an hour, the Scru-

tineers, after examining the papers, annoixnced that the following

gentlemen were duly elected :
—

President.

THOaiAS HAWKSLEY.

Vice-Presidents.

John Frederic Bateman, F.E.S.

Thomas Elliot Harrison.

George Willoughby Hemans.

George Robert Stephenson.

Other Members of Council.

Members.

James Abernethy.

SirW. G. Armstrong, C.B.,F.RS.

AVilliam Henry Barlow, F.R.S.

Joseph William Bazalgette, C.B.

George Berkley.

Frederick Joseph Bramwell.

George Barclay Bruce.

James Brunlees.

Sir John Coode.

Charles William Siemens, F.E.S,

Sir Jos. Whitworth, Bart., F.E.S.

Edward Woods.

Associates.

David Forbes, F.E.S. James Timmins Chance, M,A.

James Grierson.

Eesolved,—That the thanks of the Meeting be given to Messrs.

Frewev, Hayter, May, Shield, Smith, Taylor, and Williams, the

Scrutineers, for the promptitude and efficiency with Avhich they

have performed the duties of their office; and that the Ballot

Papers be destroyed.

[Annual Ekport.
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Session 1872-73.

Since the last Annual Meeting, the Council then elected to

conduct and control the business of the Institution have been

mainly occupied in following in the footsteps of their predecessors,

by whose exertions the Society had been brought to a most

flourishing condition—a condition which the details to be furnished

in this Eeport will show has been well sustained during the past

year.

One of the matters which first engaged attention was the

decoration of the building, the walls of which had not been

considered sufficiently dry, since the enlargement of the premises,

to admit of this work being satisfactorily accomplished at an

earlier period. The Architect, Mr. Thomas H. Wyatt, the Presi-

dent of the Eoyal Institute of British Architects, and an Associate

of this Institution, was requested to mature plans for the purpose.

The studies he produced, and the recommendations he made, led

the Council to intrust the execution of the works to Messrs.

J. G. Crace and Son, by whom they have since been successfully

carried out. The meeting-room is the only part in which coloured

decoration has been attempted, and the architectural treatment of

that room rendered it by no means an easy problem ; for, in view

of the possible contingency of having at some future period to

provide galleries at the ends of the room, the Architect had in-

troduced two distinct orders. The use of cloth in the lower com-

partments of the walls of the meeting-room has contributed to

subdue the resonance from the hard surface of the parian cement,

and has sensibly improved its acoustic properties. On the first-

floor landing a niche has been specially constructed to receive a

cast of the statue of Telford, by Bailey, as erected in Westminster

Abbey. This cast is the gift of Mr. Frank James, Assoc. Inst. C.E.,

and is a most appropriate present, Telford having, as is well

known, taken great interest in the Society from its foundation,

having occupied the Presidential Chair from 1820 to 1834, and
having made a handsome bequest to the Institution.

The alterations effected during the vacation have included a great
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addition to the book-shelf accommodatiun in the Library. This

addition was rendered necessary by the recent large accessions,

—

by presentation, by bequest, and by purchase. It is thought that

provision has now been made for the next six or seven years, on
the supposition that the present rate of increase continues. Among
the more important acquisitions are a complete set of Dingler's
" Polytechnisches Journal," extending from 1820 to the present

time ; the " Journal of the Royal Asiatic Society of Bengal ;"

" Papers on Practical Engineering," published by the Engineer

Department of the United States Army; a set of Papers and

Drawings descriptive of the Public Works of New Zealand ; and a

choice series of books, principally on Naval Architecture, which
the Institution was permitted to select from the Library of the

late Mr. Andrew Murray, C.B., M. Inst. C.E. The Parliamentary

Papers referring to Public Works have been completed, classified,

and bound in volumes, thus making the information more readily

accessible. The Library now contains about eleven thousand

volumes, almost exclusively relating to mechanical science and
engineering, and, as a technical collection, devoted to a special

subject, it is believed to be unrivalled.

The topics discussed at the Ordinary Meetings may be thus sum-
marized :—On the Employment of Pneumatic Despatch Tubes on
the Circuit system, for the conveyance of Telegrams, Letters, and
light Parcels in Cities and Towns ; an investigation into the Stresses

of Eigid Arches, continuous Beams and curved Structures; a

description of the Somerset Dock at Malta ; on the Value of

Water and its storage and distribtition in Southern India; an
account of the Bridge over the Gorai River, on the Goalundo
Extension of the Eastern Bengal Railway; on the Kind-Chau-

dron system of sinking shafts tluough water-bearing strata

without the use of Pumping Machinery ; on the Soonkesala Canal

of the Madras Irrigation and Canal Company ; on the Conditions

which favour, and those which limit, the Economy of Fuel in the

Blast Furnace for Smelting Iron ; a description of the new South

Dock in the Isle of Dogs, forming part of the West India Docks

;

the Pumping Machinery at Lade Bank, for the Drainage of the

fourth district of the River Witham ; on the Construction of

Heavy Artillery, with reference to Economy of the mechanical

forces engaged ;— and on Explosive Agents, as applied to Industrial

Purposes.

From this enumeration it will be seen, that there has been an
opportunity of eliciting opinions on various branches of practice

;

and a reference to the two volumes of " Minutes of Proceedings,"

[1872-73. N.S.] I
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issued during the recess, will show that many members availed

themselves of the opportunity to place on record their views and
experience on these several matters.

The Council have awarded the following Telford Medals and

Premiums, and Manby Premium, to the Authors of some of these

communications :

—

1. A Telford Medal, and a Telford Premium, in Books, to

Bradford Leslie, M. Inst. C.E., for his " Account of the

Bridge over the Gorai Eiver, on the Goalundo Extension

of the Eastern Bengal Eailway."

2. A Telford Medal, and a Telford Premium, in Books, to Carl

Siemens, M. Inst. C.E., for his Paper on " Pneumatic

Despatch Tubes : the Circuit System."

3. A Telford Medal, and a Telford Premium, in Books, to

William Bell, M. Inst. C.E., for his Paper " On the Stresses

of Eigid Arches, Continuous Beams, and Curved Structures."

4. A Telford Medal, and a Telford Premium, in Books, to

John Herbert Latham, M.A., M. Inst. C.E., for his description

of " The Soonkesala Canal of the Madras Irrigation and

Canal Company."

5. A Telford Medal, and a Telford Premium, in Books, to

George Gordon, M. Inst. C.E., for his Paper on "The Value of

Water, and its Storage and Distribution in Southern India."

6. A Telford Premium, in Books, to Frederick Augustus Abel,

E.E.S., for his Paper on " Explosive Agents applied to

Industrial Purposes."

7. A Telford Premium, in Books, to Bashley Britten, for his

Paper on " The Construction of Heavy Artillery, with

reference to Economy of the Mechanical Forces engaged."

8. The Manby Premium, in Books, to Charles Andrews,

M. Inst. C.E., for his Paper on " The Somerset Dock at

Malta."

In the adjudication of the Premiums, the communication of your

Associate of Council, Mr. Isaac Lowthian Bell, on " The Economy

of Fuel in the Iron Blast Furnace," was not taken into considera-

tion, in accordance with a well-understood custom ; but the thanks

of the Institution are nevertheless eminently due to Mr. Bell for

this valuable essaj-.

It is frequently necessary to ask the Authors of Papers to reduce

them to such a length for reading as will allow time for those

members and visitors who are prepared to offer remarks on the

suljjects brought forward to do so. Failing this, one of the primary
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objects of the Meetings—to provoke discussion—would be frus-

trated. A free and oj)en debate raust be possible on every occa-

sion ; and this has, happily, hitherto been the characteristic of the

Meetings.

There was also a short series of Supj^lemental Meetings, to

enable the Students to read and discuss Papers among themselves.

The Council have learnt with satisfaction, from the Members who
kindly presided on these occasions, that they were favourably

impressed with the value of such meetings to the Students, as

being calculated to do a great deal of good. The policy of holding

such meetings being established, it rests with the Students to turn

them to the best account, by reading beforehand as much of the

accessible literature on each particular subject as their time will

allow. The Library of the Institution affords every facility for the

purpose, and few perhaps are aware how much information is to be

derived from the collection until they have made a search for facts

on any given subject. The aptitude, the intelligent discrimination,

the apparent sustained attention throughout, which are said to

have characterized those taking part in and present at these

proceedings, are evidences that in the future the Students will

continue to exert themselves for their own individual improve-

ment, as well as for the benefit of their fellow-Students. There

are several ways in which this may be done, beyond the obvious

plan already pointed out :—thus, the sketching of existing works,

accompanied by critical remarks upon the peculiarities, the con-

structive skill, and the structural defects thought to belong to

such works, could not fail to be a most useful exercise.

For the Papers submitted by Students, the following Miller

Prizes have been awarded :

—

1. A Miller Prize to Oswald Brown, Stud. Inst. C.E., for his

Paper on " Sewage Utilization."

2. A Miller Prize to Arthur Turnour Atchison, B.A., Stud.

Inst. C.E., for his Paper on " Jiailway Bridges of Great

Span."

3. A Miller Prize to John Addy, Stud. Inst. C.E., for his Paper

on " The most suitable Materials for, and the best mode of

Formation of, the Surfaces of the Streets of large Towns."

4. A Miller Prize to Alfred Edward Preston, Stud. Inst. C.E.,

for his Paper on " Wood-Working Machinery."

5. A Miller Prize to William Patterson Orchard, B.E., Stud.

Inst, C.E., for his Paper on " The Education of a Civil

Engineer."

I 2
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Mr. Hawksley, the President, in kis inaugural Address at the

commencement of the session, made some remarks on professional

education. These were more particularly addressed to the Stu-

dents, upon whom the importance was urged of becoming practi-

cally acquainted with the details of works in course of construc-

tion, and of not resting satisfied with theoretical knowledge alone.

Carrying out this advice, he, in the course of the summer, invited

the Students to visit the Leicester Water Works, one of the most
recent constructions of the kind, and almost the only one which
combines in itself the storing, the gravitation, and the pumping
systems. Nearly eighty of the Students availed themselves of this

invitation—a larger gathering of that class than had ever pre-

viously taken place. The President explained on the spot the

objects of the undertaking, and described minutely the details of

the several works, aided by an elaborate series of drawings, in

themselves a fine example to the younger members of the pro-

fession. The warmest thanks of the Institution are due to

Mr. Hawksley for the opportunity thus afforded to the Students

of acquiring professional knowledge, as well as for the liberality

with which the whole programme was conceived and carried out.

Earlier in the year Mr. Alexander Fraser, M. Inst. C.E., had

kindly shown a party of the Students over the Chief Station of

the Grand Junction Water-Works Company at Kew Bridge— a

courtesy for which the unanimous thanks of the Council were

tendered to Mr. Fraser.

As it should be the object of every member to aid in enriching

the Proceedings of the Institution with the results of his profes-

sional experience and practice, attention has been directed, by
Circular, to the list of Subjects for Papers, Session 1872-73

(page 128), in the hope that the members will, directly or in-

directly, contribute, or assist in the contribution of, some com-

munication for reading at the Meetings, or for publication in the

Appendices to the volumes of " Minutes " hereafter to be issued.

British engineering literature is still thought to be deficient in

well-authenticated accounts of executed works in foreign countries.

It has therefore been deemed expedient to include in the list a

reference to various undertakings which have been carried out, or

which are in progress, on the Continent of Europe and in the

United States. Detailed particulars of such enterprises, especially

when differing in design or in construction from similar operations

at home, could not fail to afford valuable information.

Three additions have been made to the roll of Honorary Members,

by the election of His Majesty the Emperor of Brazil, F.E.S., &c., &c.,

whose distinguished attainments in vaiious branches of science,
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particularly in those connected with Civil Engineering, have been

so generally recognized; of H.E.H. Prince Arthur, K.G., whose

attention to the kindred art of military engineering is so well

known ; and of Dr. Percy, F.E.S., whose original researches,

especially in connection with metallurgy, are eminently calculated

to promote the advancement of many departments of knowledge

on which the successful practice of the Civil Engineer depends.

The Emperor of Brazil and Prince Arthur have both intimated

that they feel highly honoured by the compliment thus conferred

upon them ; while Dr. Percy has stated he regards the distinction

as a proof that the results of his labours, during nearly thirty

years, have met with the favourable consideration of British

Engineers, and that he could neither desire nor expect a better

reward.

The tabular statement of the transfers, elections, deceases, and

resignations of the members of all classes of the Corporation, that

is exclusive of the Students, during the years 1870-71 and 1871-72

(taking into consideration the names which have been erased from

the Eegister), is as follows :

—

Year.
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At the date of the last Report there were 203 Students attached

to the Institution. In the session 1871-72, the Council admitted 03

;

while 26 were removed from the list, viz., 9 resignations, 1 erasure,

and 16 elected into the Corporation as Associates—so that the net

increase has been 37, making the total on the 30th of November

last 240. This represents an addition at the rate of about 18 per

cent, during the past twelve months. It may be mentioned, that

since the Students' class was instituted, five years ago, 324 can-

didates have been admitted ; of that number 36 have been elected

Associates, 45 have resigned, 2 have died, and 1 has been erased

from the list, leaving 240 still on the books.

The Institution has now been established nearly fifty-five years,

having been founded on the 2nd of January, 1818. The elections

into the corporation, and the numbers of the several classes still

remaining on the books, are shown in the following Table^ :—

-

Years.
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dale, John Van Norden Bazalgette, Edward Ladd Betts, Edwin
Bidder, Charles William Dixon, Thomas Dunn, John Samuel Enys,

Charles Haslett, Thomas Howard, Robert Jobson, Frederick Mar-

rable, Edmund Morel, Christopher Pattison, Augustus Siebe,

William Sykes, Robert Harry Inglis Synnot, and Arthur

Valentine.

Since the books were made up the decease of IVli". Joseph Cubitt

has occurred. This was communicated to the members at the last

ordinary meeting, when a letter of condolence was directed to

be addressed to the widow and her family. By the death of

Mr. Ciil)itt the members have lost a valued friend, the Institution

a respected Vice-President, the profession a distinguished Engineer,

and society an honourable man.

The following members, having tendered their resignations, have

been permitted to withdraw from the Institution : — Robert

Roberts, Member; Charles William Robert Chapman, Richard

Massey Greene, James Hall, William Harrison, John James
Myres, Jun., Joseph Drown Rigby, Bernard Snow, William Weild,

and John Bazley White, Associates.

Mr. Thomas Howard, who was for thirty-seven years an Asso-

ciate, as an evidence of the interest he took in the Society, has

bequeathed to it the sum of £500, free of legacy duty, which sum
he has by will directed " to be invested, and the interest thereof to

be applied in such manner and under such conditions and re-

strictions as the Council of the said Institution may think most

expedient, for the purpose of presenting periodically a prize or

medal to the author of a treatise on any of the uses or properties

of iron, or to the inventor of some new and valuable process le-

lating thereto— such author or inventor being a Member, Graduate,

or Associate of the said Institution." The sum has already been

received, and has been invested in the purchase of £551. 16s. 6d.

New Three per Cents.

With respect to the financial position, the Auditors have ascer-

tained that the receipts included in the abstract of accounts have

been credited by the bankers, Messrs. Coutts and Co., and that the

' payments have all been made by the authority of the Council.

From the statement of Receipts and Expenditure, attached to this

Report, it appears that last year the income proper amounted to

£.6,574. 10s. 8f?., to which must be added for fees and building and
publication funds on election and life compositions £1,294. 4s. 6d.,

and for dividends on trust funds £411. 2s. 3cZ., making together

£8,279. 17s. od. On the debit side of the account, the disburse-

ments (less received for " Minutes of Proceedings ") have been
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£5,221. I8s. lid., and premiums under trust £249. 18s. 9d. A sum
of £2,908. 18s. 9d. has been invested (besides the Howard bequest)

in the purchase of £1,338 London and North Western, and £1,500

Xoith Eastern Eailway Companies Four Per Cent. Debenture

Stocks. It is necessary to add, to allow of a balance being struck,

that the cash in hand is less by £108. 7s. lid. than it was at the

same period in 1871, and that a sum of £7. 8s. llfZ. is due from the

Benevolent Fund for petty cash expenses.

The following is a summary of the Eeceipts for the last two

years :

—

From subscriptions,

and sunilries.

„ dividends on in-

vestments not in

trust ....
„ Fees, Building and
PublicationFund s

on election, and
life compositions

„ dividends on Trust
Funds

Totals . .

1871.

d. i

5,592 9

430
6,022 9

1,201 4

411 16 4

7,635 9 4

1872.

£. s. d.

6,034 3

«. d.

540 7 8
6,574 10 8

1,294 4 6

411 2 3

£8,279 17 5

The Expenditure during the same period has been :

—
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The Funds of the Institution consisted, on the 30th of November

last, of

—

I. General Fcnds,

Institntion Investments :

—

£. s. d. £. s. d. £. s. d.

Great Eastern Railway Four
per Cent. Debenture Stock . 3,650

London and North Western
ditto .... 2,500

London, Brighton, and South
Coast ditto . . . 1.000

North Eastern ditto . . 3.000

Great Northern ditto . . 1,000

Mancheiter, Shefl5eld, and Lin-
cohishire Railway Four and
a Half ditto . . . 1,000

London, Brighton, and South
Coast ditto . . . 1,500

New Three per Cents. . . 1,344 1 8
14,994 1 8

II. Trust Fcxds.

1. Telford Fund:—
Three per Cent.

Consols . . £2,839 10 6
Three per Cent.

Annuities . 2,570 5 1

Unexpended In-

come, Three
per Cent.Consols 2,377 10 6

Ditto, Annuities . 476 8 5

5,409 15 7

2,853 18 11

8,203 14 6

2. Manby Premium :

—

Great Eastern Railway Five per Cent Pre-

ference Stock .

'
. . . . 200

3. Miller Fund :—
Lancashire and

Yorkshire Rail-

way Four per
Cent. Deben-
ture Stock . £2,000

Great Eastern
ditto . . 1,100

3,100
Unexpended

Income,
Three per

Cent. Consols 582 18 6

Ditto, Annuities 691 5 8
1,274 4

4,374 4

i. Howard Bequest :

—

New Three per Cents 551 14
13,389 13 2

Total Nominal or par Value Carried forward £28,383 14 IQ
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£. s. cl. £. s. d.

Brought forward . . . 28,383 14 10

Cash in the hands of the Treasurer, Dec. 1,

1872 281 11 7
Less Petty Cash due to the Secretary . . 10 16 6

270 15 1

Together amounting to £28,654 9 11

as compared with. £25,373. 3s. 4d. at the date of the last Eeport.

The following is a Sixmmary of the different Securities in which

the above Funds are placed :

—

Government Stocks :
—

Three per Cent. Consols
Three per Cent. Annuities

New Three per Cents. ....
Great Eastern Railway :

—

Five per Cent. Preference Stock
Four per Cent. Debenture Stock

Lancashire and Yorkshire Railway :

—

Four per Cent. Debenture Stock .

London and North Western Railway :

—

Four per Cent. Debenture Stock .

London, Brighton, and South Coast Railway:

—

Four per Cent. Debenture Stock .

Four and a-Half per Cent. Debenture Stock .

North Eastern Railway :

—

Four per Cent. Debenture Stock

Gieat Northern Railway :

—

Four per Cent. Debenture Stock .

Manchester, Sheffield, and Lincolnshire Railway :

—

Four and a Half per Cent. Debenture Stock .

Total Nominal or par Value

£. s. d.

5,799 19 6

3,737 ]9 2

1,895 16 2

200
4,750

£. ». d.

11,433 14 10

4,950

2,000

2,500

1,000

1,500

3,000

1,000

1,000

£28,383 14 10

The outstanding subscriptions at the close of the financial year,

on the 30th November last, were :

—

For 1872. From members of all classes residing

abroad .....
Ditto, in the United Kingdom .

For 1871. From members of all classes residing

in the United Kingdom
For 1870. From Associate residing in the United

Kingdom .....
Total .

£. s. d.

58 5 6

155 18 6

£. s. d.

214 4

18 7 6

3 3

;235 14 6

On the occasion of the Annual Dinner the Institution had the

privilege and the hcniour of receiving, as guests, H.E.H. Prince
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Arthur, the Prime Minister, and other Members of Her Majesty's

Cabinet, besides several men of science and distinguished repre-

sentatives of various professions. This recognition of the Engineers

of the United Kingdom, and the graceful and appreciative sentences

uttered by some of the visitors, may be regarded as highly compli-

mentary to the Engineers of all countries.

In reference to the President's Conversazione, a successful de-

parture from the previously established practice was made this

year. Instead of the Conversazione being given in the rooms of

the Institution, it was held, by permission of Her Majesty's

Commissioners, in the West Galleries of the Annual International

Exhibition at South Kensington. This portion of the building

comprised the British Picture Gallery and the Machineiy Court.

The machinery, which was shown in motion, related to cotton,

paper, stationery, and printing processes, and was kindly explained

to the visitors by several members of the Institution, as well as by
the different exhibitors. A few models and scientific inventions

were removed from other parts of the Exhibition, and some were
specially lent for the occasion ; but the display was for the most
part limited to the objects contained in the two galleries.

This Conversazione has been universally regarded as a most
brilliant and successful reception. Ample space, abundance of

light, and much to see and admire, with opportunities for doing

both, were the features of the entertainment. Although, in this

instance, the mechanical novelties hitherto contributed for exhi-

bition were absent, it is possible that on some future occasion

permission may be granted to supplement the exhibits of the year

by the loan of special objects such as the Institution has been
previously in the habit of obtaining. One other innovation has

to be noticed—that ladies formed part of the company. Eor all

these novelties, and for the extremely liberal and handsome manner
in which the arrangements were carried out, the members are

entirely indebted to the President and Mrs. Hawksley.

Although the Institution in its infancy might have been regarded

simply as a private society, now, with a Eoyal Charter and un-

doubted influence, it must be looked upon as a public body. The
aim, then, should be to seek to obtain a still higher status for its

members, both individually and in their corporate capacity, and
to show that it has the power and the authority to govern and
regulate the profession, and that it is competent, under proper

guidance, to attain a yet more important position.

[Abstract of Keceipts and Exi'endituke.
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ABSTEACT of EECEIPTS and EXPENDITUEE

EECEIPTS.
Br. £. s. d. £. s. d.

To Balance in the hands of the Treasurer 377 12 3

„ „ „ Secretary 1 10 9

— Subscriptions and Fees :

—

Arrears 225 15
Current 5,643 15
Subscriptions for 1873 65 2

„ 1874 (in part) .... 110
Fees 431 11

Life Compositions 76 2 6

Building Fund
Publication Fund
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from the Isr DEC, 1871, to the oOni NOV., 1872.

PAYMENTS.
Or. £. «. d. £. 8. J.

By House, Great George Street, for Kent, &c. :

—

Repairs 137 1 8
Reut 643 12 8

Rates and Taxes 76 12 9

Insurance 20 11 6

Furniture 25 18 6

903 17 1

— Salaries " 1,100
— Clerks, Messengers, and Housekeeper 384
— Donation to late Messenger and Housekeeper 54 16 6

— Postage and Parcels ;
—

Postage 56 13 9

Parcels 13 7

57 7 4

— Stationery, Engraving, Printing Cards, Circulars, &c. . . . 473 4 1

— Light and Fuel :

—

Coals 46 13

Candles 2

Oil 10 4

Gas 48 13 3
95 18 7

— Tea and Coffee 29 2 5

— Library :

—

Books 227 14 11

Periodicals 21 10 6

Binding Books 105 16 3

Council Gift 17 5

Maps 47 5
419 11 8

— Publication, Minutes of Proceedings 1,826 9 10

— Telford Premiums 155 2 9

— Watt Medal 276
— Manby Premium 18 5 3
— Miller Prizes 76 10 9

— Diplomas 37 19 3

— Manuscripts, Original Papers, and Drawings 11 10

— Annual Dinner (Official Invitations, &c.) 124 7 4

— Winding and Repairing Clocks 1 10

— Incidental Expenses :

—

Christmas Gifts ...... 1 11

Assistance at Ordinary Meetings . 9 8 6

Ditto at Students' Meetings ._ . 2 5

Beating Carpets and Sweeping!
i s

Chimneys 1

Household Utensils, Repairs, and)
93 4 8

Expenses I

112 17 2

— Legal Expenses 12 11 8

Carried forward £5.586 11
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ABSTKACT of RECEIPTS and EXPENDITURE

EEOEIPTS—con<.

Br. £. s. d. £. «. d.

Brought forward . . 490 6 7 8,192 6 1

To Institution Investments:

—

cont.

Dividends, 1 Year, on £1,344. Is. 8d., New Three"! 09 n c
per Cents

)

Deposit Interest 10 11 5
540 7 8

— Donations to Libraiy 10 5— Sale of Duplicate Books 30 15

£8,773 13 9

— Howard Bequest 500
— Balance of Petty Cash, Nov. 30, 1872, due to the Secretary . . 10 16 6

£9,284 10 3
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from the 1st DEC, 1871, to the SOth NOV., 1872.

PAYMENTS -coHf.

Or. £. 8. d.

Brought forward 5,586 11

By Benevolent Fund Disburseraeuts, 1872 7 8 11

— Howard Bequest :

—

£. s. d.

£551 14s. Gd, New Tliree per Cents. ... 500

— Institution Investments :

—

£1,388, London and Nortli "Western Kailwayl j .jyg -.^ n
Company's Four per Cent. Debenture Stock/ '

'

£1,500, North Eastern Ditto, ditto . . 1,532 2 3
3,408 18 9

Balance November 30, 1872, in tlie hands of the Treasurer . . 281 11 7

£9,284 10 3

Examined and compared the above Account with the Vouchers and the Cash
Book, and find it to be correct, leaviug a Balance in the hands of tlie Treasurer
of Two Hundred and Eighty-one Pounds, Eleven Shillings, and Sevenpence.

—

Nov. 30th, 1872.

(Signed) EOBT. 0. MAY, 1 j„^/,«„,
J. WOLFE BARRY, Z^"'^"'"^*-

JAMES FORREST, Secretary.

December 6th, 1872.

rSUBJECTS FOR PAPERS.
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SUBJECTS FOE PAPERS.

Session 1872-73,

The Council of The Institution of Civil Engineers invite commu-
nications dealing in a complete and compreliensive manner with

any of the Subjects comprised in the following list, as well as

upon others, such as

—

a. Account of the Progress of any Work in Civil Engineering,

as far as absolutely executed (Smeaton's Narrative of the

Building of the Edystone Lighthouse may be taken as an

example).

b. Descriptions of distinct classes of Engines and Machines of

various kinds.

c. Practical Essays on Subjects allied to Engineering, as, for

instance. Metallurgy ; and

d. Particulars of Experiments and Observations connected

with Engineering Science and Practice.

List.

1. On the Application of Graphic Methods in the Solution of

Engineering Problems, and in the Eeduction of Experi-

mental Observations.

2. On the Elasticity, or Eesistance to Deflection, of Masonry,

Brickwork, and Concrete, with observations on the Deflec-

tion of the tops of Bridge Piers, by unequal loading of the

Arches abutting on them.

3. On the Methods of Constructing the Foundations of some of

the principal Bridges in Holland and in the United States.

4. On Bridges of large span, considered with reference to examples,

now in progress or recently completed, in the United States

;

including an account of the testing, and of the efi"ects pro-

duced by variations of temperature.

5. On the Theory and Practical Design of Eetainiug Walls for

sustaining earth, or water, and on experimental tests of the

accuracy of the varioiis theories.

6. On the Diff"erent Systems of Eoad Traction Engines, with

details of the results in each case.
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7. On the Use of Concrete, or Beton, in large masses, for Harbour
Works and for Monolithic Structures.

8. On Dredging Machinery, and on the cost of raising and de-

positing the material.

9. On the Appliances and Methods for Eock-boring and Blasting,

in this country and abroad, and on the results obtained.

10. On the Gauge of Bailways.

11. On the Systems of Fixed Signals on Eailways, and on the con-

nection between the signals and the points.

12. On j\Iodern Locomotive Engines, designed with a view to

economy, durability, and facility of repair, including par-

ticulars of the duty performed, of the cost of repairs, &c.

13. On the different Systems for Surmounting Inclines on Moun-
tain Eailways.

14. On the various Modes of Dealing with Sewage, either for its

disposal or utilization.

15. On the Separate System of Sewering Towns, with a detailed

description of the works in a town to which this system

has been wholly or partially applied, and particulars as to

the results.

16. On the Ventilation of Sewers, with a resume of the Ex-

periments as to the motion, pressure, &c., of Gas in the

Sewers.

17. On the Constant Service of Water Supply, with special refer-

ence to its introduction into the metropolis, in substitution

for the Intermittent Sj'stem.

18. On Street Eailways and Tramways through Cities and Towns,

and on the best mode of working them.

19. On the Ajiplication of Steam as a Motive Power for Pumping
Water or Sewage, with a comparison of the advantages of

different classes of Engines, and details of the cost of work-

ing for long periods.

20. On the various descriptions of Pumps employed for Eaising

Water or Sewage, and their relative efficiency ; and on the

employment of Water as a Motive Power for pumping, by
means of Water-Wheels, Turbines, Water Pressure Engines,

or other Machines.

21. On the Employment of Steam Power in Agriculture.

22. On the Laws governing the Flow of Steam and other Gases

through Orifices, Pipes, &c., and on Experiments to deter-

mine these Laws.

23. On the Methods of Transmitting Force to distant points.

24. On the best practical Use of Steam in Steam Engines, and on

[1872-73. N.S.] K
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the efifects of the various modes of producing Condensa-

tion.

25. On the modern practice of Marine Engineering, having re-

ference to Economy of Working Expenses, by Superheating,

Surface Condensing, great Expansion, High Pressure, &c.

26. On the Present State of Science in regard to the Manufacture

of Gas for the purposes of Illumination.

27. On the Construction of Sluices, for the expeditious filling and

emptying of Locks of large size on navigable Canals.

28. On the Harbour and Dock Works at Spezzia.

29. On the Maintenance, by Sluicing, of the Harbours on the

Coasts of France, Belgium, and Holland.

30. On the Practice and Results of Irrigation in Northern India.

31. On the Sea Works at the mouth of the Adour, and the effect

j)roduced by them on the bar of that river.

32. On the Sea Works at the mouth of the Eiver Maas, and the

effects produced thereby.

33. On the Manufacture of Iron and Steel as now pursued, the effect

on strength and tenacity of the admixture of substances

with the Ore, and any test, other than fracture, by which

the quality may be ascertained.

34. On the various Methods of Draining distant isolated sections

of Mines.

35. On Compressed Air as a Motive Power for Machinery in Mines,

with some account of its application on the Continent.

36. On the Use of the Diving Apparatus in Mines, especially in

Westphalia and in Germany.

37. On the Systems and Apparatus at present used in Telegraphy.

Eor approved Original Communications, the Council will be

prepared to award the Premiums arising out of special Funds
devoted for the purpose. They will not, however, consider them-

selves bound to make any award should there not be any com-

munication of adequate merit ; but, on the other hand, more than

one Premium will be given, if there are several deserving memoirs

on the same subject. It is to be understood that, in this matter, no

distinction will be made between essays received from a Member or

an Associate of the Institution, or from any other person, whether

a Native or a Foreigner.

The Communications should be written in the impersonal pro-

noun, and be legibly transcribed on foolscap paper, on the one

side only, leaving a sufScient margin on the left side, in order
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that the sheets may be bound. A concise abstract must accom-

pany every Paper.

The Drawings should be on mounted paper, and with as many
details as may be necessary to illustrate the subject. Enlarged

Diagrams, to such a scale that they may be clearly visible when
suspended in the Theatre of the Institution, should be sent for the

illustration of particular portions.

Papers which have been read at the Meetings of other Societies,

or have been published in any form, cannot be read at a Meeting of

the Institution, nor be admitted to competition for the Premiums.

The Communications must be forwarded, on or before the 31st

of December, 1872, to the house of the Institution, No, 25, Great

George Street, Westminster, S.W., where any further information

may be obtained.

Charles Manby, Honorary Secretary.

James Forrest, Secretary.

The Institution of Civil Engineers,

25, Great George Street, Westviinster, S.W.y

31st August, 1872.

K 2
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Excerpt Bye-Laws, Section XV., Clause 3.

" Every Paper, Map, Plan, Drawing, or Model presented to tlie

Institution shall be considered the property thereof, unless there

shall have been some previous arrangement to the contrary, and

the Council may publish the same, in any way and at any time

they may think proper. But should the Council refuse, or delay

the publication of such Paper beyond a reasonable time, the

Author thereof shall have a right to copy the same, and to publish

it as he may think fit, having previously given notice, in writing,

to the Secretary of his intention. No person shall publish, or give

his consent for the publication of any communication presented

and belonging to the Institution, without the previous consent of

the Council."

Notice.

It has frequently occurred that, in Papers which have been con-

sidered deserving of being read and published, and have even

had Premiums awarded to them, the Authors may have advanced

somewhat doubtful theories, or may have arrived at conclusions

at variance with received opinions. The Council would, there-

fore, emphatically repeat, that the Institution must not, as a

body, be considered responsible for the facts and oj)inions ad-

vanced in the Papers or in the consequent Discussions ; and

it miast be understood, that such Papers may have Medals and

Premiums awarded to them, on account of the Science, Talent,

or Industry displayed in the consideration of the subject, and for

the good which may be expected to result from the discussion

and the inquiry ; but that such notice, or award, must not be

considered as any expression of opinion, on the part of the

Institution, of the correctness of any of the views entertained

by the Authors of the Papers.
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OEIGINAL COMMUNICATIONS
RECEIVED BETWEEN DECEMBER 1st, 1871, AND NOVEMBER 80th,

1872.

AUTHORS.

Abel, F. A. No. 1,342.—Explosive Agents applied to Industrial

Purposes.

Bainbridge, E. No. 1,327.—On tbe Kind-Chaudron Sj'steiu of

(Sinking Shafts through Water-bearing Strata, without
the use of Pumping Machinery.

Bell, I. L. No. 1,828.—On the conditions which favour, and those

which limit, the Economy of Fuel in the Blast Furnace
for Smelting Iron.

Bow, E. H. No. 1,329.—Improvement in the erection of certain

Arched Structures.

Britten, B. No. 1,336.— On the Construction of Heavy Artillery,

with reference to economy of the mechanical forces

engaged.

Browne, Major J., E.E. No. 1,310.— On the tracing and con-

struction of Roads in Mountainous Tropical Countries.

Dowson, J. E. No. 1,32-1.—Street Eailways.

Fox, C. D., and Fox, F. No. 1,332.—On the Pennsylvania Eail-

road ; with observations on some peculiarities of American
Eailway Construction and Management.

Gainsford, T. E. No. 1,337.—Eemarks as to the Arrangement of

Passenger Stations for Through Lines at towns and
junctions of importance.

Gordon, G. No. 1,318.— On the Value of Water and its Storage

and Distribution in Southern India.

Harding, J. No. 1,333.—On the Chafiaral Eailway.

Higginson, H. P. No. 1,315.—Description of the Pennair Anient

Cuddapah CuUectorate.

Knowles, Sir F. ('. No. 1,331.—On a method of Mechanical

Puddling of Iron by the union of Chemical and Mechanical

Action.

No. 1,314.—On the Motions of Translation and Pota-

tion of an Oblong Shot.

Langley, A. A., and Bellamy, C. J. No. 1,334.—Quarrying in the

Festiniog District, North Wales.

Latham, J. H. No. 1,325.—Description of the Soonkesala Canal of

the Madras Irrigation and Canal Company.
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AUTHORS.

Lawford, A. C. No. 1,317.—On the Eiver Defences employed in

Southern India, particularly on its principal river the

Cauvery.

Leslie, B. No. 1,322.—Account of the Bridge over the Gorai
Eiver on the Goalundo Extension of the Eastern Bengal
Eailway.

Macassey, L. No. 1,323.—Description of the new Floating and
Tidal Docks at Belfast.

Murray, W. No. 1,330.—Description of the Eailway from the

Tharsis Mines to the Eiver Odiel, and of the Loading
Pier erected there.

Paddon, J. B. No. 1,341.—Description of Gas Works constructed

for the Brighton and Hove General Gas Company,
Portslade, Sussex.

Sargeant, Lieut., E.A. No. 1,321.—On Chorography, or Globose
Development.

Sopwith, T., Jun. No. 1,340. The Mont Cenis Tunnel.

Vemon-Harcourt, L. F. No. 1,316.-—Description of the New
South Dock in the Isle of Dogs, forming part of the West
India Docks.

Vidler, M. No. 1,320.—On Shingle Beach and Artificial Coast

Defence as used on the South Coast of England.

LIST OF DONOES TO THE LIBEAEY,

From December 1, 1871, to November 30, 1872,

Academy of Sciences of Munich ; Aitken, E. ; American Academy
of Arts and Sciences ; Anderson, J. ; Andrews, W. P. ; Angell, L.

;

Archer, W. H. ; Armstrong, G. F. ; Association of Civil Engineers

of Portugal ; Austin, C. E.

Bailey, J. and Co. ; Barber, W. ; B&ttj, E. M. ; Bashworth, F.

Bateman, J. F. ; Bazalgette, J. W., C.B. ; Beazeley, A. ; Bell, I. L.

Bell, W. ; Beloe, Madame; Bennett, J.; Binnie, A. E. ; Bolton

Major F. ; Boult, J. ; Boyd, C. ; Bramwell, F. J. ; Brasher, A.

Brassey, T. ; British Association for the Advancement of Science

British and Foreign Eailway Company ; Britten, B. ; Brooks,

W. A. ; Briill, A.

Calver, Capt. E. K., E.N. ; Campbell, C. ; Canadian Institute;

Carr, H. ; Chadwick, E. ; Chemical Society ; Cialdi, Commander A.

;

Clericetti, Professor C. ; Cleveland Institution of Engineers ; Col-
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lignon, E. ; Colonial Office ; Craven, A. W. ; Croncher, J. S.

;

Cubitt, J.

Dale, T. ; Daly, C. ; Danvers, F. C. ; Danvers, J. ; Day, St. J. Y.

;

De Gamond, A. L. A. T. ; Delesse, — ; Donaldson, T. O. ; Donald-

son, W. ; Doveton, Capt. H. ; Dwelsjiauvers-Dery, V.

Eads, J. B. ; East India Association ; Ellis, H. S. ; Eunson, J.

Fairlie, E. F. ; Farmer, J. S. ; Fleming, S. ; Forbes and Price,

Messrs. ; Foreign Office ; Forge Committee of France ; Francis,

J. B. ; Franklin Institute of Pennsylvania ; Frantz, G.

Gearth, H. ; Gaudard, J. ; Geological Society; Geological Survey
Office; Glasgow University; Government of India; Government
of Victoria (Australia) ; Great Seal Patent Office ; Grand Victorian

North Western Coal Company ; Grantham, K. B. ; Gra}"-, J. M.

;

Gumpel, C. G.

Haddan, J. L. ; Hardingham, G. G. M. ; Hardwicke, W.

;

Haughton, B. ; Haywood, W. ; Head, J. ; Henderson, D. M. ; Huet,

E. ; Hull, E.

Imperial University of Kazan ; Indicator ; Industrial Society of

St. Quentin ; Institution of Engineers and Shijjbuilders in Scot-

land ; Institution of Mechanical Engineers ; Institution of Archi-

tects and Engineers of Hanover ; Institution of Surveyors ; Iron

and Steel Institute.

Jackson, L. d'A. ; Johnson, J. Thewlis ; Johnston, T. M. H.

;

Jordan, S. ; Jurd, J.

King, J. T. ; King, W. P. ; Kitt, A.

Lacroix, E. ; Latham, B. ; Leslie, A. ; Letheby, Dr. ; Liverpool

Polytechnic Society ; Lockwood, J. ; Login, T. ; London Associa-

tion of Foremen Engineers ; London Institution ; Lovegrove, J.

;

Lyman, B. S.

Mallet, A. ; Manchester Literary and Philosophical Society

;

Manchester Steam Users Association ; Marshall, P. P. ; Maw, W.
H., and Dredge, J. ; Maxwell, Profess ir J. C. ; Maynard, H. N.

;

M cAlpine, W. J. ; McNair, Major ; ]\I eteorological Office ; Meteoro-

logical Society ; Metropolitan Gas Eeferees ; Midland Steam Boiler

Inspection and Assurance Company ; Millar, J. ; Molesworth, G.

L. ; Moorsom, L. H. ; Murray, A., Executors of the late.

National Boiler Assurance Company ; North of England Institute

of Mining and Mechanical Engineers ; Noyes, G. E. F. ; Nystrom,

J. W.
O'Connell, Colonel P. P. L., E.E. ; Ormiston, T.

Page, T. ; Pavkes, W. ; Passes, Dr. F. P. ; Paul, G. P. ; Peabody

Institute; Perisse, S. ; Phillips, J. A.; Pewtress and Co.; Pole,

W. ; Pow, J, ; Proprietors of—Adcock's Engineer's Pocket Book,
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Annales Industrielles, The Architect, Artizan, Athenaeum, Builder,

Builders' Trade Circular, Chroniquo de I'lndustrie, Civil Engineer

and Architects' Journal, Engineer, Engineering, Journal of Gas

Lighting, Mechanics' Magazine.

Eae, W. F. ; Eanken, F. A. ; Eankine, W. J. M. ; Eawlinson, E.,

C.B. ; Eeade, T. M. ; Eegistrar General ; Eeilly, Professor C.

;

Ehodes, A. ; Eohertson, F. ; Eobertson, G. ; Eobinson, H. 0.

;

Eobinson, J. ; Eoebling, Col. W. A. ; Eoper, E. S. ; Eoss, Major

W. A. ; Eoyal Agricultural Society of England ; Eoyal Artillery

Institution ; Eoyal Asiatic Society of Bengal ; Eoyal Astronomical

Society ; Eoyal Bavarian Academy of Sciences ; Eoyal Cornwall

Polytechnic Society ; Eoyal Dublin Society ; Eoyal Geographical

Society ; Eoyal Institute of British Architects ; Eoyal Institute of

Engineers of Holland ; Eoyal Institution of Great Britain ; Eoyal

Lombard Institute of Sciences ; Eoyal National Life-Boat Institu-

tion ; Eoyal Observatory of the Cape of Good Hope ; Eoyal

Polytechnic School of Hanover ; Eoyal Ehenish-Westphalian School

of Aachen ; Eoyal School of Application for Engineers, Turin ;

Eoyal Society of London ; Eoyal Society of Edinburgh ; Eoyal

United Service Institution ; Eiihlmann, Dr.

Sankey, Lieut.-Col. ; San Francisco Mechanics' Institute ; School

of Military Engineering, Chatham ; School of Mines of France

;

School of Bridges and Eoads of France ; Sefeldt, H. ; Sheringham,

Vice-Admiral ; Siebe and Gorman, Messrs. ; Siemens, C. W. ; Silent

Member ; Simon, H. ; Silverthorne, A. ; Smith, T. G. ; Smithsonian

Institution ; Smyth, E. B. ; Society of Engineers ; Society of

Engineers and Architects of Saxony ; Society of Civil Engineers

of France ; Society of Engineers and Artizans of Turin ; Society

of Telegraph Engineers ; Sopwith, T., Jun. ; Sowerby, W. ; Spon,

E. and F. N, ; Spooner, C. E. ; Statistical Society ; Stevens, E. A.

;

Stevens, S. ; Stevenson, D. ; Stevenson, T. ; Stoney, B. B, ; Swan,

C. H. ; Swetenham, Capt. G. ; Symons, G. J.

Tarbotton, M. 0. ; ThomasonCivil Engineering College; Thomson,

C. ; Tyler, Capt. W. H.

United States Government ; University College, London.

Von Kaven, A.

War Office ; Warden of the Standards ; Waring, J. B. ; Wex, G.

;

Wheeler, W. H. ; Whitworth, Sir J., Bart. ; Williams, Sir F. M.,

Bart.; Williams, General S. H.; Wise, W. L.

The Catahxjue of Additions to the Library tvill he given at the end of

vol. xxxvi.
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January 14, 1873.

T. HAWKSLEY, President,

in the Chair,

At the commencement of the proceedings, Mr. Hawksley, Presi-

dent, thus addressed the Meeting :

—

Gentlemen,

I have a sorrowful duty to perform—I have it in com-

mand from the Council to announce to you that death has re-

moved from the roll of this Institution the most distinguished

name of His Majesty the Emperor Napoleon III.—I am to ask

you to express by your solemn silence your heartfelt sympathy
and profound condolence with Her Majesty the Empress, the Prince

Imperial, and the other members of the Imperial Family ; and that

this expression of your feeling be communicated to Her Majesty the

Empress from the Council in the usual manner.

The following Candidates were balloted for and duly elected :—

•

Arrott Browning and Baron Max-Maria von Weber, as Members

;

AViLLiAM Fredkrick Alphonse Archibald, Stud. Inst. C.E., Nicholas

Procter Burgh, Henry Carmichael Christophkr, Edmund Henry
Harris, Benjamin Kitt, John Mackay, Joseph Prime Maxwell,
Stud. Inst. C.E., William Hknry Scott, John Isaac Thornycroft,

and Eichard Tjplady, as Associates.

It was announced that the following Candidates, having been

duly recommended, had been admitted by the Council, under the

provisions of Sect. IV. of the Bye-Laws, as Students of the In-

stitution:—James Samuel Brown, William Coulthurst Gibbons,

Arthur Trethowan Goodfellow, Alfred Joyce, Horace Chaloner
Knox, Theophilus Michell, Alexander Mit>lar, jun., George Moyle,
George Augustus Grant Shawe, and Zacch^us Walker.
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No. 1,350.—" On the Practice and Eesults of Irrigation in Northern

India." By Colonel W. H. Greathkd, C.B.,E.E., Chief Engineer of

Irrigation to the Government of the North-Western Provinces.^

As the construction and application of works of Irrigation in India

have opened a large field for hydraulic engineering, which will

extend from year to year, it has been thought that a brief account of

what has been done, and of what is now doing, in that portion of

Upper India in which artificial irrigation has been practised for the

longest period, and on the largest scale, will interest the Members of

the Institution of Civil Engineers, and others concerned in the

welfare and advancement of our Indian possessions.

A passing reference will be made to various large undertakings in

other provinces of India ; but the Paper will be principally confined

to a description of the works which have been and are now being

constructed under the Government of the North-Western Provinces.

In the first instance, attention will be directed to the tract of

Hindostan lying south of the great Himalayan range, and in-

cluded between the river Bhrahmaputra on the east, and the

rivers which merge into the Indus on the west side. The
principal geographical features of this region are the plain

drained by the Ganges and its tributaries flowing south-east

;

the plain traversed by the Indus and its tributaries flowing-

south-west ; and the intervening water-shed, which, disregarding

minor variations of character, may be generally spoken of as

the table-land of Central India. The length of the line along

the foot of the Himalaya to the North of Hindostan is 1,600

miles ; the distance from north to south measures 26° of latitude,

and the country is four times as large as France in area and
in population. The plains of the Ganges and of the Indus rise

gradually, from the level of the sea at the mouths of the great

rivers, to about 1,000 ft. and 1,100 ft. at the points where the Jumna
and the Indus respectively leave the mountains.^ The highest

level of the central table-land is about 2,000 ft. above the level

of the sea, and it stands nearly 600 ft.* above the plain of the

^ The discussion upon this Paper extended over portions of two evenings, but

an abstract of the whole is given consecutively.

= Attock, 1,100 ft., G. T. S. Jumna debouche 1,000 ft., Strachey.
^ Height of plain at Allaliabad . . . 400 ft. above sea-level.

Height of tiible-land opposite Allahabad 1,000 ,. „ „
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Ganges, which runs between its north-eastern face and the

Himalaya.^

The intense heat of the southern border of the continent of

Asia, when subjected to the maximum power of the sun's rays

as it attains its northern declination, creates a current at the

earth's surface from the south during the summer, which, blowing
over a large expanse of ocean within the tropics, becomes highly

charged with vapour ; while in the winter the rapid cooling of

the land as the sun passes south of the equator, causes a corre-

sponding current from the north to the hotter southern latitudes.

From causes, which for present purposes it is not necessary to

investigate, these currents respectively become south-westerly and
north-easterly winds in the Indian seas north of the eqiiator.

The term ' south-west monsoon ' is generally used to express the

season from the beginning of May to the end of October, during

which the winds for the most part blow from that direction
;

and the term ' north-east monsoon ' is applied to the autumn and
winter half of the year.

Very near the west coast, the table-land of Central India rises to

a height of from 2,000 ft, to 5,000 ft. above the sea, and terminates

abruptly in a scarped face, called the Western Ghats. During
the south-west m<msoon a great rainfall takes place upon these

hills, which are generally higher than the adjoining table-land

;

and though their summits are not continuous, only a small portion

of rain penetrates and falls upon their eastern side. As far,

therefore, as the break in the line of Ghats, which is made by
the mouths of the Nerbudda and the Taptee, the summer rainfall

on the coast line continues great, and the fall on the table-land

is scanty. The area so affected includes the greater part of the

Madras Presidency, the plain of Mysore, and some part of the

Nizam's dominions.

It would seem that the rain-clouds ascend the valleys of the

Nerbudda and the Taptee and break on the high land which borders

them ; in consequence, the country called the ' Central Provinces '

has more rain than the table-land which is shut in by the Western
Ghats. Traveling up the west coast of India, the rainfall

rapidly decreases both on the coast and in the interior, until

at the mouths of the Indus there is practically none at all. And
over all this region the south-west wind still blows as freely as

in the regions further south. The rainfall on the eastern side of

' lu compiling this Paper advantage lias been taken of a map prepared by
Genera] Strachey and Dr. Brandis, for the recent meeting of the British Atsoeia-

tiou, showing the average rainfall over the surface of British India.—W. H. G.
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the peninsula during the south-west monsoon is estimated to be

as follows :

—

Inches.

Vizagapatam .... 39

Cuttack 47

Calcutta 56

Inches.

Palamcottah .... 10

Trichinopoly .... 20

Madias . . . . .39
Masulipatam .... 29

At the southern point of India, and in Ceylon, the south-west

monsoon brings but little rain. The amount, however, increases

up the eastern coast of the peninsula ; and on the east of the

Bay of Bengal there is a rainfall equal to that on the Western Ghats,

extending over the country betAveen the sea and the Himalaya,

which, at the head of the bay, are not very far apart.

Thence, in the plains of the Ganges, the rain constantly di-

minishes as the distance from the sea increases, and likewise as

the distance from the Himalaya increases, until to the westward,

the rainfall, even at the foot of the Himalaya, is greatly attenuated.

General Strachoy and Dr. Brandis have grouped the surface of

Hindostan into the arid zone, in which the annual fall of rain is

less than 15 inches ; the dry zone, in which the rain does not

exceed 30 inches ; and the wet zone, which has a rainfall every-

where of not less than 75 inches.

The agricultural conditions in the several parts of India are

influenced by these varying degrees of moisture as well as those

of soil and of temperature. The temi3erature ranges from tropical

in the south, with an approximately uniform heat, to semi-

temperate in the north, where the summer and winter are sharply

defined. The change in the two seasons becomes greater as the

latitude increases.

The Madras Presidency is traversed by great rivers, the Kistnah,

Godavery, Cauvery, Coleroon, Pennair, and others, falling into the

Bay of Bengal. These rivers rise in the Ghats, and consequently

cany during the south-west monsoon great volumes of water,

whilst the region through which they flow is generally dry.

The table-lands, when unirrigated, produce nothing but the

lowest class of cereals, which the rainfall generally suffices to

bring to maturity. But a large amount of irrigation is effected

from tanks, which husband the south-west rainfall in sufficient

quantities for the cultivation of rice ; and it appears that, under
the even temperature of the tropics, rice can be cultivated ir-

respective of season so long as the water lasts. As a rule, irri-

gated land is sown with rice, and by the time that crop is matured
there is no water left for other purposes ; so that even the irrigated
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lands bear tut one crop a year. Eecoiirse cannot be had to wells

for the purpose of irrigation, because of the depth of the water from

the surface of the land, and hence a large extent lies waste, and is

in effect an unproductive ' bush.'

It is probably owing to the broken character of the surface of

the country, which is scarred by the outcrop of rocks, that advan-

tage cannot be taken of the waters flowing in the great rivers

to irrigate the uplands. As it is, throughout the Madras Pre-

sidency, canal irrigation is confined to the deltas formed at the

mouths of the great rivers. Ko large channels are necessary

therefore for the distribution of water, nor are bridges of com-
munication requisite, because carts are not employed in the delta

country ; moreover, there is no considerable velocity of current

to injure the banks of canals. All of these circumstances tend

to cheapen construction and maintenance. The areas irrigated

in the deltas of the Madras Presidency are as follows :

—

District. Acres irrigated.

Godavery .... 225,032

Kistnah 144,.591

Tanjore 098,142

Nellore 176,927

Total acres . 1,2M,G92

Moreover the practice of agriculture brings nearly the whole

cultivated area under crop at one time, when the rivers are

at their height. It is, therefore, only necessary to raise the

flood-waters slightly by weirs to create the means of irrigation,

which cease when the monsoon passes off, and they are no longer

required. But whilst water is obtainable it is very abundant,

and, in consequence, the irrigation is conducted under favourable

circumstances. The total area classed by the revenue authorities

as irrigated amounts to 3,300,017 acres, nearly one-fourth of the

cultivated area. After deducting the area supplied by canals,

there remains a residue of tipwards of 2,000,000 acres, principally

irrigated from tanks.

In the Kizam's territory and Central India the conditions of

soil are much the same as in Madras east of the Ghats, but

tanks are not so frequent. In the shallow and argillaceous soils the

rainfall of 30 inches or 40 inches brings on crops of millet ; whilst

the black cotton soils, composed generally of decomposed trap,

having a great faculty of retaining moisture, produce the cotton

crops of the Berars, with the aid of 43 inches of rain.
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In Lower Bengal the terrible famine of 1866 led to the con-

struction of a large system of canals in Orissa, apparently,

not yet much used. A second scarcity will teach their value,

even if the people do not sooner learn that high farming by
means of abundant water leads to profitable increase of crops in

ordinary years.

The rest of Lower Bengal has no State irrigation, and probably it

has no great need of it. The greater part of the country is deltaic,

the rainfall is considerable—being from 65 inches to 75 inches

—

the population large, and water so near the surface generally,

that it can be raised by simple native mechanical appliances.

In Eastern Bengal the natural rainfall suffices for all require-

ments.

North of the Lower Ganges, which traverses Bengal diagonally

from N.W. to S.E., the country is profusely watered by about

150 inches of rain, and by numerous great rivers which drain into

the Bay of Bengal. Fibres, such as jute and hemp, rice and oil-

seeds, are produced in great abundance in these regions, and they

furnish the chief exports of the Calcutta market.

Higher up the Ganges is the rich province of Behar, which
enjoys, what for India is considered, a temperate climate. It

has a good loamy soil, and a liberal rainfall. Indigo is extensively

cultivated ; wheat, barley and oats are successfully raised. The
country is verdant throughout the year, and large quantities

of cattle, sheep, and horses are reared on the excellent natural

grasses. This description applies principally to the districts

on the left bank of the Ganges, which obtain more rain than

those on the right. Canals are, accordingly, being made from

the Soane river, designed to develop the cultivation of sugar,

rice, indigo, and cotton. Other canals from the river Gunduck
are under consideration, which would secure indigo against all

risk, and greatly increase sugar cultivation, now effected to a

limited extent with well-water.

In the Benares division of the North-Western Provinces, the

northern districts are liberally moistened as in Behar, whilst

those more remote from the Himalaya have only a slight advan-
tage in rainfall over the average of the North-Western Provinces

proper. There are no existing State works of irrigation in the

Benares division ; but a scheme is contemplated for irrigating

the southern districts from a great series of distributaries taken
from the river Sardah, in the province of Oude.
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North-Western Provinces,

In the North-AVestern Provinces (Plate 6)— esclnsively of the

Benares division—irrigation may be described as consisting of

tliree zones:

—

1st. Tlie Sub-Himalayan Tract, north of the river Eamgunga,
which is generally copiously watered by the rainfall on the

mountains, and by numerous small rivers flowing southwards out of

them. Most of these small rivers dry up soon after the ter-

mination of the rainy season, but on a great part of the length

of this tract a deposit of sand and boulders, forming a continuous

belt about 15 miles wide, creates a vast filter-bed which, being

fortunately bordered on the down-hill side by a band of clay of

considerable width, becomes a covered reservoir. The natural

pressure, augmented by the rapid slope across which the filter-bed

lies, appears to force water under the clay, and produces a line of

springs, on the other side of the clay band, which, feeding numerous

small streams, refresh the country. The local name of the belt

of boulder is ' Bhabur,' and the name of the tract which it

waters by filtration is ' Terai.' The drainage runs southwards to

the Eamgunga and Ganges.

2nd. The ' Plains,' being the area included between the Eamgimga
and the Jumna rivers, and including the Muttra and Agra districts

on the right of the Jumna. This great tract has a loamy upper

soil, varying from sand in some parts, to light clay in others.

But fine sand is generally found at no great depth throughout

this formation. The drainage runs from N.W. to S.E., parallel

to the main rivers, the Ganges and the Jumna, which embrace

nearly the whole area.

3rd. The province of Bundelcund, which slopes from the high table-

lands of Central India northwards towards the Jumna. The lands

bordering the rivers are dry and stony, and higher than the inter-

vening basins, which consist generally of rich black cotton soil.

There has been a great upheaval of the region near the foot of the

table-land ; and trap and granite rocks crop out freely, forming

isolated hills of fantastic shapes.

The climate of the Korth-Western Provinces is exceedingly dry,

and hot westerly winds prevail, during the months of April, May,

and June, over its whole surface, excepting the Sub-Himalayan

zone. During that season vegetation of unwatered plants is

apparently suspended, except in the case of the melon tribe, which

thrives on the dry sandy beds of rivers, hot enough to blister the

feet. The rain-clouds of the south-west monsoon seem to travel
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up tlie valley of the Ganges, and reach the North-Western Provinces

about a fortnight after rain has commenced in Calcutta. Mar-

vellous is the sight and delicious the sensation when the rain sets

in. Nature, which seemed dead for three months past, bursts sud-

denly into life ; it is a sober statement and no traveller's tale, that

plains at evening brown with the dust which has been their

habitual covering for months past, acquire a distinct green tinge

by the morning which succeeds the first night's blessed fall of rain.

After the first twelve hours of down-pour, every plough in the

country is upon the lands, and the season of agriculture has

commenced.

Without saturation, the ' pan ' of indurated soil which underlies

the dust cannot be broken by the wooden ploughs and puny cattle

which are " in use. If the commencement of the rains is long

deferred, the operations of agriculture are retarded, and all its

economy disordered : if there is no rain, the land is not broken and

seed is not sown : if the fall of rain is not distributed over a suffi-

cient number of days, or if it is not sufficiently gradual and pro-

tracted, the crop withers ; and if the rains abruptly cease, it fails.

These uncertain crops of the rainy season are Indian corn and

millet of various kinds—the lowest type of cereals—and they form

the staple food of the agricultural labouring classes. Such grains

are not sold in abundance ; each small proprietor or tenant sowing

only sufficient to support his family through the year, if the crop is

fair. If the crop fails wholly or in part, he cannot supplement his

store by purchase in. the market at harvest time ; for he has no

means, and his neighbours are stinted like himself. He must then

have recourse to the ' bunya,' or village corn dealer and banker,

who, on a mortgage of the holding, supplies food and bare neces-

saries, which he alone of the villagers has means of obtaining from

distant markets. On a mortgage of the coming crop he advances

seed for sowing, and when he gets a further lien upon the man's

little farming implements and his surviving bullock, doles out

money for the purchase of a yoke fellow, to replace the beast that

died of starvation. Thenceforward the ryot is the bunya's serf;

he is eaten up by compound interest at 2 per cent, a month, but it

must be admitted he is contented, and regards his state of serfdom

as a beneficent arrangement made by Providence to save him
trouble.

This is the history of a peasant cultivator in seasons of scarcity ;

and, as is known from the experience of 1868-69, two seasons of

scarcity make a famine. What a famine is in that country will

be presently seen.

[1872-73. N.S.] L
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But suppose the lyot prosperous : the rains begun seasonably, say
about the 20th of June ; the light ploiighing of the ground which
is sufficient for his purpose is completed, and Indian corn dibbled

in ridges on his field by the 1st of July. By the end of September
the stems of Indian corn, which generally grow to a height of

about eight feet, are cut and garnered, and the land is at once pre-

pared for spring crops.

The various sorts of millet, largely sown as rain crops, are

reaped by the end of October. It is usual to sow with them
peas of various kinds, which occupy the land till February or

March. Cotton is often sown on unirrigated lands in the rainy

season, and a considerable quantity of a somewhat short staple is

produced. The problem is to get the crop ripened before the

November frosts nip off the seed-pods, a contingency to which
backward crops are always liable.

The agricultural year in Northern India is sharply divided into

a cold and a hot season : the former produces the ordinary crops

of temperate climates, while the latter, with abundant water,

matures sugar, indigo, rice, and other tropical products.

About the end of September the rains break up, and profiting

by the last fall, the land destined for the spring harvest is

ploughed, and sown with wheat, or barley, or ' gram,' an excellent

large pulse which is the staple food for horses. In unirrigated

districts, the latter is the only certain winter crop. Gram
requires less moisture than wheat or barley ; its foliage is

retentive of dew, and as the plants are sheltered by the clods

which are left on the gram fields, moisture is not quickly eva-

porated by the sun.

Fodder crops for cattle are not cultivated. There is not such a

thing as a cultivated meadow in the country. No clover, no

lucerne, no saintfoin, no roots, no rye-grass. The generality of

indigenous grasses run very rank in the rainy season, and, when
dry, possess scarcely any nourishment ; but there is an extremely

nutritious creeping grass, which grows plentifully wherever it

can find moisture. On this grass cattle graze on the roadsides, on

the fallows, on the margins of water-courses, and about the wells
;

and when it fails the luckiest of them have chopped wheat straw

and the dry stems of the millet plant, which do not look very

nutritious. The milch-cows get as much cotton seed as the clean-

ing of their owner's cotton may afford, and when given it is in

its crude condition as it comes from the cleaning gin. He does

not purchase any for their use. The consequence is that the

cattle as a rule are poor and weak. At the end of the rains, though



Irrigation in northern india. 147

the grass is somewhat deteriorated in nutritious quality, they

are, however, in tolerably good condition. But by the spring they

are generally thin and miserable, and it is a matter of surprise how
the cows produce even the five quarts or six quarts of milk a day,

which may be taken as their average yield. When scarcity occurs,

the only remedy practised is to drive the cattle from distant

parts of the country to feed in the forest lands, at the foot of the

Himalya. The sufferings and losses of the cattle from this treat-

ment may well be understood. It is not to be expected that

Hindoos, who form the great proportion of the agricultural com-

munities, should do violence to their faith by fattening cattle for

food; but a vast loss is incurred annually by the poorness of

dairy-cows, and working-bullocks; and it is remarkable that

though a Hindoo is greatly offended if any cow or beast is

slaughtered, he has no compassion for them during their life,

and will see them die of starvation, without compunction, if the

loss does not fall upon himself.

The rainfall in Hindostan of the winter or north-east monsoon is

everywhere less than in the summer. It is most on the eastern

coast from Madras downwards. In Ceylon it is very copious, pro-

bably because the north-easterly air currents pass over a wide
expanse of sea before reaching the island. On the west coast

the only considerable winter rain is between Cananore and
Vingorla, a space of about one-third the entire length of the
Ghats.

The rainfall of the north-east monsoon, like that of the south-

west monsoon, diminishes in the valley of the Ganges as the
distance increases from the sea, and becomes very light in the
North-Western Provinces and the Punjab, where it is duo at

Christmas. If the winter rain is favorable, the barley and wheat
have a fair chance ; but on unirrigated lands the spring crojis

of cereals are at the best very feeble and always uncertain. In
the Bundelcund zone, on account of the exceeding dryness, barley

and wheat are scarcely ever sown.

The spring harvest is finished near Allahabad by the beginning*

of April ; and at the northern part of the provinces a month later.

'The land then rests until the rains begin. The atmosphere being
charged with hot dust, and the fields brown, and case-hardened,

under the burning sun of the second quarter of the year.

The ' Plains,' have an average annual rainfall of 26'6 inches,

which would seem enough for agricultural needs. But the greater

part of it falls, perhaps, in a fortnight, and there is no rain from
September to July, except the Christmas showers. Consequently

L 2
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the ordinary food crops of the country often fail, and the richer

crojDS, which bring it wealth, are entirely dependent on artificial

irrigation, whether from wells or from canals.

In the Sub-Himalayan zone, which has a rainfall of 48-7 inches,

rice is successfully produced, without artificial irrigation, in about

two years out of three ; and sugar is even less certain under the

same condition.

In the Bundelcund zone the average rainfall—33*7 inches per

annum—is sufficient when it comes in due time for the growth of

ordinary monsoon crops ; but it is especially fickle, and scarcity

is in consequence very common in that country.

It needed not therefore the pressure of recurring famines to

stimulate the people of the North-West to raise their agriculture

to a higher level. Accordingly the practice of sinking wells for

irrigation has prevailed from the earliest periods. The depth

at which water is found below the surface in the zone of

the 'Plains' varies from 10 ft, to 50 ft. 'At the lesser depth a

little pit can be cheaply dug, which supplies as much water as

can be lifted in a day in a jar attached to a light balance-beam

worked by men. This process requires at least two men daily

to keep a plot of an acre watered, a demand on labour which

makes its employment on a large scale impossible.

Pits or wells of this description fall in during the rainy season,

and must be renewed annually at the cost of the tenant. Deeper

wells are generally lined with brushwood cylinders, and worked

by bullock power. They cost from £5 to £18 each, according

to depth and soil, and employ 6 men and 3 pairs of bullocks

every day to keep 5 acres watered. The cost of the bullocks

should not be wholly charged against the well, as they must be

maintained for ploughing ; but the working is necessarily a con-

siderable expense.

The duration of such wells is as various as the character of the

soils in which they are sunk ; the shortest period which they last

may, however, be taken as about 2 years, and the longest about

10 years. In some favoured tracts deep wells can be constructed

without any lining; but this is exceptional to the general

rule. A serious objection to the majority of wells is that they

contain surface water only, and do not touch the springs ; conse-

quently the supply shrinks during the day ; and if they are over-

drawn, they fall in. As a rule, the springs can only be reached

by wells lined with brickwork, costing from £15 to £30 each,

a cost almost prohibitory to their employment for irriga-

tion. They pay best— if water be plentiful—when made of
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sufficiently large diameter to allow 3 or 4 pairs of bullocks to

work at once; in which case they command 20 acres of land,

and cost from £80 to £100 each, a price which few occupiers can
afford to give.

One or more hrick-lined wells to supply water for drinking
purposes are always found in every village; but no water can
be spared from these wells for irrigation.

The general description of tenure in the North-Western Provinces

is, that villages are held in co-parcenary by several proprietors, who
pay an annual rent— estimated at half the proceeds from the land

—

to the Government, which is the landlord. The greater part of

the lands are sublet to cottiers, of whom some have rights of

occupancy in perpetuity— subject to payment of rent—and some
are tenants at will. The former class pay rents which can only be
enhanced on fixed and definite rules ; the latter make their own
arrangements.

It is difficult to conceive a sj^stem so fatal to large improve-

ment of individual estates. The head tenants are hampered by
their peasants who have right of occupancy, but who have not
generally the means to do much themselves. And the Government
obviously cannot undertake the improvement of individual farms.

A wise measure is adopted by the State in giving advances to

permanent occupiers for the construction of wells after the manner
of our land improvement companies ; but perhaps from a knowledo-e,

on the part of the permanent occupier, that it is the interest of the
head tenant to bring him in arrears, in order to obtain full pos-

session of the land, advantage is not very largely taken of this

faculty.

In the Sub-Himalayan zone wells have not been used, to any
large extent, for irrigation. It has been the practice of the people,
instead, to dam the numerous rivers which traverse the country
from north to south ; and to lead off, from above the dams, channels
for the irrigation of the fields. Thus, to this day, considerable
areas of rice and a certain area of sugar are cultivated in that
region, but at a terrible price, though the money cost is small.

The rapid slope of the country limits the effect of a sino-le dam to

a very small area, consequently the rivers are covered with dams

;

the result being a stoppage of outfall which has water-logged
the land, and, under the influence of ^ tropical sun, converted
into hot-beds of malaria the rank vegetation growino- in these
artificial morasses. A Bill is now before the legislative council
of India giving powers to the administration to remove the whole
of these dams, the Government making proper compensation, either
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in water siijDjjly from otlier sources or in money ; and it is to be

hoped that these beautiful districts may shortly be restored to a

healthy condition.

In the third, or Bundelcund zone, no wells can be sunk for

purposes of irrigation, because of the depth of the water from the

surface, the poverty of the community, and the scanty population
;

circumstances which necessarily act upon each other. There are

some considerable lakes, but their irrigation up to the present time

has not exceeded 1,300 acres per annum. Hence that unfortunate

country receives no fertilizing influence of water beyond the dews,

and the capricious though often sufficient rainfall of the monsoon.

In a great part of the tract, where the soil is unsuited to gram
and other pulses, even winter crops cannot be grown.

It must not be supposed, from this account of the agricultural

conditions of the North-Western Provinces, that the people are

generally idle and apathetic. It is true that they are ignorant of

the advantage of maintaining their cattle in good condition, and

that they exhaust their lands by giving no manure excepting to

sugar-cane crops ; but many of the agricultural classes of the

plains are skilful and laborious in preparing their land to the best

advantage, with such means as are within their reach, and accord-

ing to the knowledge they possess. Nor do they become dissatisfied

with irrigation from wells for some time after canal irrigation

comes in their way ; they are attached to a practice which has

endured throughout the East from the days of Nineveh ; the really

severe work of landing, and emptying the full skin-bags of water

at the wells, is combined with a proportion of sitting, talking,

and smoking, which suits their habits ; and they will readily

work on by watches night and day, if drought creates an unusual

demand to which their wells can respond. Whilst they freely

irrigate finer crops, the farmers will not as yet Avillingly pay for

canal water to strengthen and insure their coarse-grain crops.

If the rainfall fails, they hold off as long as possible, and only at

the last moment will they try to obtain water to save them. This

was the case in 1868-69, when 80,000 more acres of such cultivation

were watered than in the preceding year.

Although individually diligent, after their manner, in their own
concerns, the natives of Northern India are wanting both in the

means, and in the mutual confidence, requisite for combinations of

considerable numbers in any works of general advantage ; and

so it happens, generally, that unless improvements are proposed

and carried through by the officers of the Government, they are

not done at all. In fact, the people do not want to be improved,
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as is frequently found to be the case nearer home. There is no

power of initiative in such matters amongst the agricultural

community, whose poverty is sho-svn, by the fact that only 15,174

persons out of the agricultural population of the North-Western

Provinces,^ amounting to 17|^ millions,^ or less than one person in

a thousand, paid income-tax in the year 1870-71, when all incomes

below £50 per annum were assessed.

The people of the Bundelctmd zone are an exception to the rule

of diligence. Their picturesque country was once clothed with

forests, and we know that, in former times, it produced sugar,

from the evidence of stone sugar-presses which may be found

in almost every village. The rainfall must then have been more
abundant, and more constant than it is now, for there are no traces

or traditions of old works of irrigation. It is probable that a

wholesale destruction of timber effected the change of climate,

which has brought the country to its present condition. The
people are so impoverished as to be without energy or hope.

If they sow a crop, it is said, that after scratching the ground

just sufficiently for the purpose, the}^ leave it alone till harvest

time, when they go and see if anything has come up. This

province, it may well be understood, is a great anxiety to the

Government : its inhabitants are quiet and well disposed, but it is

difficult to improve them, as a large proportion are subject to little

independent chiefs, whose knowledge and enlightenment are not

sufficient to enable them to appreciate improvements.

It has been necessary to dwell at some length upon the circum-

stances which enfold the technical matter under review, because,

as the Government of India has embarked on a large expenditure

in works of irrigation, which have been freely criticised in England,

and even in newspapers in India, published at a distance from

the countries concerned, it is proper that the necessity of such

works should be proved. If this be not proved by the foregoing

description of the conditions of the country, the following account

of the liability of the North-Western Provinces to famine, and of

the effect of canal irrigation in time of scarcity, may suffice to

ensure conviction.

It has already been shown that canal irrigation is very beneficial

to the North-Western Provinces, because no other can be relied on,

and because the valuable staples of the country cannot be produced

' Report of Administratiou of the Income Tax in North-Western Provinces,

1870-71.

- Report uf Census of North-Western i'lovinced, 18G5, p. 86.
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without irrigation. The Author will now adduce evidence to show
the extent to which the country suflfers from periodical famines

where there are no canals, and how the construction of canals

would render famine impossible. The evidence is extracted from

the official narrative of the drought and famine of 1868-69,

prepared for the information of the Secretary of State, in the

Eevenue Department of the Government—which has no connection

with the management and control of irrigation works—and is as

follows ^ :

—

"Passing by seasons in which mere drought and scarcity have

prevailed, the North-Western Provinces of India have been visited

by three great famines during the current century, and they

have, doubtless, been subject, from time immemorial, to like

calamities, of which no complete record remains."

" In 1803, hail-storms, followed by a scanty monsoon, and a failure

of the cold weather rains, sufficed to plunge the most opulent

districts of the Lower Doab, and of Eohilkund, into bitter distress,

and to entail upon the State a loss of revenue estimated at £300,000.

Again, in 1837-38, five successive bad j^ears culminated in a famine,

which laid waste the greater part of the Doab and Eohilkund,

cost the state a million sterling of revenue, and the people not

less than 800,000 lives. The last famine occurred in 1860-61.

It was the result of an almost entire failure of the monsoon in a

country impoverished by the disasters of 1857. Its severity may
be gathered ftom the fact, that nearly 10 millions of people, in the

aggregate, received alms from the Government, while 7^ millions

were employed on relief works ; and the charges and losses incurred

by the State amounted to £206,085."

" The outlay of Government on account of the scarcity of

1868-69 amounts to £317,285 ; and that the loss of life, which will

presently be described, was not greatly exceeded, is due, under

Providence, to the energy and skill with which the considerable

means at their disposal were turned to account hy the Government

of the North-Western Provinces."

" There are two main reasons for this liability to famine ; the

first is, that the periodical rains, upon which the greater part of

the crops depend, occasionally fail in quantity, or are distributed

unequally over the seasons. The second principal reason is, the

largeness of the numbers of people who are liable to "be thrown

out of employ as the pressure of high ju-ices is enhanced."

* Henvey's Narrative of the Drought and Famine in the Noith-Wettern

Provinces, 1868-70, p. 1.
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" Tlie industrial and labouring classes, living bj'' daily wages in

the North-Western Provinces, numbered 7j millions in 1865."^

" These classes, in times of plent}-, live chiefly upon the coarser

grains, which may then be purchased at as little as 80 lbs. for a

rupee."

" In times of scarcity (as we have shown above), the coarser

grains are not to be procured, and the tendency of famines is to

bring the prices of all grain, whether coarse or fine, to a common
high level. Nor is this all : when prices rise to famine height,

the employers of labour contract their expenditu.ve, and discharge

their workpeople. Not only is bread dear, but there is no money
to buy grain, which has risen to 16 lbs. for a rupee."

The effects of the famine of 1868-69 in the district of Jhansi, in

the Bundelcund zone, are described in the following extracts,

from reports of the Commissioner of Jhansi :

—

" The grain-dealers, in the hopes of still larger profits, with-

held their stores from market. Seeing no prospect of a harvest

from which to recover their loans, they stopped advances, whether

of cash or grain, to their cultivating constituents, and left them

to do the best they could for themselves.^ The smaller grains

weie not procurable. From this state of things great distress was
beginning to be felt; j)eople began to flock into the city for relief;

cultivators with their cattle and families left their homes to wander
they knew not whither in search of food or employment. Children

are reported to have been sold by their parents in the city of Jhansi.

Small-pox raged during the first six months of 1869. Sunstroke^

carried off numbers of enfeebled wretches ; men came in weary

and weak and fasting, took a long draught of water and died.

Cholera appeared with the rainy season, and fever of a malig-

nant type, the usual attendant of scanty and inferior food, doubled

the tale of victims. 20,300 died in the district of Jhansi in 1869,

and 3,180 only in 1868."

" In LuUutpore (also in the Bundelcund zone), of 233,000 cattle

95,000, or 41 per cent, died.* Some were sent oif to the jungles, others

were driven to shift for themselves in the barren fields. The change

to abundance of grass and water upon the setting-in of the rains in

1869 is said to have destroyed numbers. The stench arising from

thousands of carcases polluted the air, and contributed to the out-

break of cholera, which was the last visitation. £8,800 was

* Henvey, p. 2 (abridged).

= Commissioner of Jhansi. Henvey, p. 63.

^ Ibid, Heuvey, pp. G1-G7. • Ibid. p. 77.
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advanced for useful works, aud £7,000 for seed and cattle. But
the advances went to buy bread and preserve life ; consequently

wells have not been sunk ; cattle have not been replaced ; want of

men and cattle prevents cultivation ; sixty per cent, of the land

revenue demands were suspended."

" In Ajmere (a district since separated from the North-Western

Provinces), dependent on tank irrigation, which necessarily failed

when there was no rain, the loss of life was estimated at 106,000, or

25 per cent, of the population.^ The famine was so fearful, and

the distress so wide-spread, that the population of whole districts

gave themselves up to despair, which was of itself but a symptom
of the disease of starvation. They would not leave their villages

or families to seek sustenance, or left so late that they died on the

way."
" Another of the disastrous consequences (says the reporter) in

this part of India, is the loss of plough cattle.^ When grass fails,

and the slender stocks of fodder are consumed, the cattle die, or

are sold to butchers ; and if the cattle perish, cultivation is im-

possible."

The foregoing extracts relate to the unirrigated regions in the

Bundelcund zone. The following describe the condition, at the

same period, of the irrigated portion of the ' Plains '
^ :

—

" The canals where they existed were the life of the country.

Unhappily, however, there were considerable tracts within the

area of drought which possessed no such advantages. The history

of the famine in those parts has been told. That the benefits

conferred by canals, judiciously and energetically worked, were

enormous, will be apprehended from the following plain statement

of facts."

" The area thus irrigated in 1868-69 was 1,442,000 acres

against 983,000, the maximum of any preceding year. Of this

great area 598,000 acres were cultivated with wheat, and 257,500

with barley: 1,190,000 acres, or 82 per cent., were cultivated with

food crops for man and beast. The crops exclusively devoted to

human food yielded sustenance for more than 1^ million of adults

for a whole year."

The Eeport conchides, " The produce saved by canals has been

computed at half-a-million tons, but the estimate of district officers

is still higher, and their valuation amounts to five millions

sterling."* In former famines there was no food within possible

Commissioner of Jliansi. Henvcy, p. 97. - Henvey, y>. 126.

3 Ibid., p. 113. ^ Ibid., p. 114.
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reach of tlie afflicted districts. In 1868-69 the development of

irrigation created a surplus stock in the plains of the north-west,

which an arterial railway carried east and west with great facility.

But other means of transport were insufficient to carry the entire

food of a population ; and unfortunately Jhansi, Lullutpore, and
Ajmere, the provinces most remote from railways, were also de-

pendent entirely on rainfall for their sustenance.

The following extracts from the Chief Engineer's Eeport Avere

adopted and published by Government in the Gazette of

India :—
" The irrigated tracts of the Doab (or central portion of the

plains included between the rivers Ganges and Jumna) were the

heart of the province, from Avhich surplus food flowed out by
railways westward to the Cis-Sutlej States, in which there was no

harvest to reap ; and southward by never-ending trains of carts

and camels to Bundelcund, Ajmere, and Eajpootana, where no
grain was ever sown. Under Providence, a famine was averted in

the Cis-Sutlej States and the Doab by the combined action of

railways and canals."

" But besides producing food for the support of human life,

canal irrigation created sustenance for cattle which was producible

by no other means; and at a crisis when wells failed in well-

irrigated districts, and herbage and fodder depended on abundant
water, the cattle of the Doab were saved, strong to labour in the

work of the following harvests; whilst elsewhere those harvests

also were reduced, by the want of cattle which had been swept off

by the drought."

" And lastly, canal cultivators became rich, whilst others suffered,

because they realised both large crops and high prices ; the pay-

ment of land revenue was assured, the breaking up of communities,

the unsettlement of the social system of the country, the loss and
dispersion of property, which famine entails, were averted ; and a
vast sacrifice of life prevented, which, but for the extension of

canal irrigation, must have occurred in 1868-69 as it had occurred

in the same districts in 1837-38. I trust these results may be
pondered by those who recommend dependence on the irrigation

to be derived from wells in a year of serious drought."

Having thus established that canal irrigation in the North-

Western Provinces is necessary to good administration, the scheme
which has been projected for turning all available waters to the

greatest advantage will now be described.

It will bo seen from the map (Plate 6) that the greater part
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of the largest and most important of the three zones, that of

the ' Plains,' is included between the rivers Ganges and Jumna,

which rising in the heart of the Himalaya mountains, debouch

in the same latitude, at a distance of 50 miles apart.

The characteiistics of these rivers are identical; both rise in

eternal snows, and both receive large affluents before they leave the

mountains. The drainage area of the Ganges is 11,200 square miles,

and that of the Jumna is 7,800 square miles. In great floods, which

are of very rare occurrence, they severally discharge about 230,000

cubic feet per second and 160,000 cubic feet j)er second. From the

middle of October the waters diminish, and by the middle of

January, generally sink to about 4,000 cubic feet per second in the

Ganges and to about 2,000 cubic feet per second in the Jumna, at

about which amount they continue until the end of March, when

they are affected by the melting of the snows on the mountains

:

thenceforward increasing in volume, until supplemented by the

south-west monsoon.

The rivers leave the Himalaya on boulder beds, sloping 8 ft.

to 10 ft. per mile. After a few miles the boulders terminate,

and thenceforward nothing but fine sand is found in the beds.

These naturally become troughs in wide valleys, in which the

courses of the rivers are constantly varying. The surface of the

rivers, beyond the end of the boulder formation, is generally about

40 ft. below the adjacent country.

As it is desirable to commence irrigation as near the foot of the

mountains as possible, the head works of the Ganges and of the

Jumna Canals have been fixed on the boulder portions of the river

beds ;
partly on account of their stability, partly to obtain for the

water entire command of the country, and partly to take advantage

of the circumstance that the river bed is there broken by islands

into numerous channels of different levels, affording facilities for

leading and regulating the supply. All the water in the rivers in

January is required, and consequently it is necessary to construct

dams across the perennial streams in order to obtain control of the

supply. At certain times the whole of the visible water is

turned out of the river beds into the canals. Temporary

dams of crib-work boulders and shingle, which are skillfully

constructed in the violent currents of the rivers, and are swept

away annually when the water rises above a certain point, are

found to be the cheapest and most suitable for the purpose of

holding up and diverting the water ; whilst masonry structures are

preferred for the regulation of supply channels.

The Ganges Canal, designed and ojDened by Sir Proby Cautley
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— an engineei' whose genial love of his work for the sake of its

benefit to humanity is traceable in all his schemes—is the largest

of the works which have been undertaken in Northern India ; and
possibly is the largest work of the kind in the world. The width
ofthe bed at the Solani Aqueduct—18 miles from the head—is 164 ft.,

and the depth 10 ft. The main channel is 348 miles in length, and is

navigable throughout ; the several branches, each equal to consider-

able rivers, are 306 miles in aggregate length, and the main distri-

butaries, constructed and maintained by Government, measure 3,071

miles. Each of these main distributaries is a small canal, with ma-
sonry outlets, falls and bridges as requisite. The minor distributaries,

leading to individual villages and estates, and the field water-

courses, are constructed and maintained by those concerned.

A carriage-road is kept up on all main and branch canals, and
plantations of timber trees, which will shortly be of great value,

border the canals on both banks throughout their length.

The irrigation commences 22 miles below the heads, and is

difiused over an area 820 miles long by about 50 miles wide. The
canal in the first 18 miles of its course crosses a considerable

amount ofSub-Himalayan drainage, some ofwhich is passed through
the canal by waste weirs, some over the canal on super-passages,

and some under the canal by sub-drains. The works of this

section are of an important character, and are chiefly constructed on
block-foundations perforated with wells, by means of which they
were sunk in running sand, or other unstable soil, until a hard
stratum was reached or until they would sink no more.

The Solani Aqueduct, and its embanked approach, span a

valley 2^ miles in width. Its foundations are 20 ft. below
the surface : they do not rest on any hard stratum, and the

weight of this ponderous structure is entirely supported by the

pressure and friction of wet sand. No subsidence has occurred

in any part of the aqueduct. The slope of the country in the

upper part of its course is much more rapid than that given to

the canal bed. The difference has been overcome by masonry
' ogee falls ' at convenient points, which also are considerable works.

It is found that the ogee fall creates a great disturbance at the tail

when carrying a considerable volume of water, and vertical weirs,

with long crests, are being built on the new canals. The great

need in all falls is to insure a good cushion of water for the water

to tumble upon.

The merit of the original works in the upper part of the

Ganges Canal is greatly enhanced by the difficulty of the condi-

tions under which they were built. In 1842, when the works
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were commenced, there was not a steam-engine at work nearer

than Calcutta, 1,100 miles from the head of the canal; and so

diflficnlt was transport at that period, that heavy materials from

Calcutta were six months on the way, and were liable to risk

of loss on the journey ; whilst fifteen months elapsed before an

indent on England could be realised. No stone was procurable for

the works, and great difiSculty was found in obtaining fuel suffi-

cient for the large requirement of brickmaking. Brickmakers,

carpenters, blacksmiths, bricklayers, and various handicraftsmen

had to be educated to supply the large demand.

Below the region of rapid slope the works, although very

numerous, are seldom of a special character. No irrigation is

allowed directly from main canals or branches ; the detailed

distribution is made from heads placed in the banks of main

distributaries or rajbuhas. A canal officer, besides supervising the

construction and maintenance of works, controls the irrigation of

his subdivision ; it is his business to make the water he receives

go as far as possible, and to see that the distribution is just and

equitable. He has also some magisterial powers for the prevention

of breaches of canal-laws, and it is his business to settle disputes

of measurements, and questions whether irrigation has been duly

given or not, in which he is much aided by his professional

acquirements. His life is consequently a very active one : he

travels a great deal, and lives much amongst the people, to whom
he is at all times accessible.

Plans of intrusting the distribution to those interested have not

as yet met with success. The horary system of Spain and

Lombardy cannot be practised in a country where there are no

clocks, and where the people are so insufficiently accustomed to the

liberty they enjoy under British rule as to submit meekly to the

extortions of any one more powerful than themselves, whether

neighbours or subordinate officials. All lands irrigated in each

harvest are assessed with water-rates fixed for each description of

crops, which are collected by the revenue officers and credited to

the Canals. This is the only direct j)ayment exacted for irrigation

;

but as the land revenue consists, as before stated, of half the

income of an estate, it follows that when that income is enhanced

by irrigation (or other means), the land revenue shares in the

benefit. This difference between the land revenue of irrigated

and unirrigated lands is termed ' the indirect revenue ' of canals.

It is credited in the public accounts as Land Eevenue, but the

Canal Administration shows the amount in its returns.

The earning of a cubic foot of water per second on the Ganges
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Canal in 1870-71 was £44 per annnm ; on the Eastern Jumna, £59

per annum. The difference in value is owing to the latter canal

having been longer at work and being more completely developed

than the former.

The net income of all the canals in the North-Western Provinces,

after payment of working expenses in 1870-71, was £182,437,

being 6 • 6-1- per cent, on the capital cost of £2,714,631. So that

canal irrrigation makes an excellent return to the Government in

money, at the same time that it increases the wealth of the

country, and affords security against misery and famine; but it

would hardly remunerate Joint Stock Companies which do not

profit by the indirect results.

The Ganges Canal has not been largely used for navigation, in

consequence of the rapidity of its current. Measures are now
in course of adoption to reduce the slope, and these, it is hoped, will

lead to an increase of traffic. In the absence of commercial de-

mand, the water-power, estimated at 30,000 horses, has not been,

as yet, turned to much account. A commencement has been made
by leasing water-power to persons competent to utilise it, and
there is great room for enterprise in this direction.

The Eastern Jumna Canal is the type on which the Ganges
Canal was constructed, with such improvements as were suggested

by the experience then acquired. It was intended originally that

the Ganges Canal should ultimately be largely extended, but the

demand for water in the districts to which it is already convej^ed

has so greatly exceeded anticipation, that there is none available

for extensions. The supply at the head, now hardly sufficient to

meet demands in dry weather, cannot be increased ; nor if it were
increased could the capacity of the canal be conveniently enlarged.

But whilst the Ganges in dry weather is apparently drained dry
at the canal heads, a considerable amount of water filters through
the boulder formation. It has therefore been determined to con-

struct a weir across the Ganges, near Eajghat, where the Oude
and Eohilkund Railway crosses the river, and to carry the Lower
Ganges Canal and its distributaries on the alignments shown on
Plate 6. Feeders are taken into the existing Ganges Canal, about
140 miles above tlie present termination ; whereby the upper sources

will be relieved of that extent of duty, and the whole of the large

area over which the old and new canals extend will be irrigated

annually to the extent of 35 per cent, of its acreage of cultivation,

an amount sufficient to secure the country from scarcity.

The Lower Ganges Canal is just now being commenced with a

discharging capacity equal to that of the Upjoer Canal, namely,
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6,500 cubic feet per second. Its estimated cost is £1,825,000; the

original Ganges Canal will cost, when finished, £3,000,000, and
the whole combined system will no doubt be completed for

£5,000,000. There is reason to expect an ultimate return of 13

per cent, on the undertaking, but years must elapse before so

large a profit can be realised.

The proposed weir across the Ganges at Eajghat is a somewhat
formidable undertaking. The bed of the river is running sand of

great depth, which will scour considerably, and no heavy material

is available save what is manufactured on the banks. The
width of the flood stream is 2,100 ft., and the weir will be made
4,000 ft. in length.

On the right bank of the Jumna below Delhi, lie the districts of

Muttra and Agra, which are greatly in need of irrigation by

reason of the depth of the water below the surface. The water,

moreover, is generally brackish. The soil is a clay loam, which,

wlien irrigated, will be very productive.

The Agra Canal has accordingly been projected for the irriga-

tion of these districts.

A weir has been built, 2,428 ft. long, across the Jumna at

Okhla, at a point where a spur of quartz running out from the

Aravali range abuts upon the river.

Here a different design has been adopted. Stone being abun-

dant, reliance has been placed upon breadth instead of depth. The
work has no foundations. It consists of two parallel masonry

walls, 2,428 ft. long, running from end to end of the weir, of

which the footings rest on the fine sand of the river bed at low-

water surface level. Between these walls, which are 26 ft. apart,

stone is packed and a slope of stone constructed, up stream, with

a base of 40 ft., and down stream with a base of 200 ft. The

height of the crest of the weir above low-water surface is 10 ft.

Scouring sluices are constructed on one flank of the weir, to keep a

clear channel in front of the canal head.

The weir, when 9 ft, high, was tried last year by the greatest

floods ever known on the Jumna. The results were most satis-

factory ; no serious damage was done, and no settlement was per-

ceptible in the down stream long wall, which had been completed

;

but injury occurred to the up stream wall, which was left un-

finished and insufliciently protected against the cross scour caused

by the under-sluices. The depth of water on the crest of the

weir was 5-25 ft., the velocity on the crest, 9-33 ft. per second,

and at a point 40 ft. lower down the slope it was 18 ft. per second.

The bed of the river had scoured 3 ft. on the down-stream side of
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the weir, and the ' toe ' of the weir had also settled to the same
level.

The Agra canal has a maximum discharging capacity of 2,000

cubic feet per second. It is designed to irrigate 350,000 acres, and
its navigation will probably be important.

For the benefit of the portion of the zone of the ' Plains ' east

of the river Ganges, an Eastern Ganges Canal is about to be con-

structed, taken off at the bottom of the boulder formation. It will

water 450,000 acres, equal to 35 per cent, of the area of the dis-

tricts commanded, and minor canals from the Eamgunga and
Buhalla rivers will complete the requirements of the upper portion

of this zone.

In the Sub-Himalayan zone the first requisite is to remove the
dams which obstruct the channels of the rivers and water-log the
country. At the same time small canals will be made upon each
of the water-sheds, and will be supjjlied from single weirs placed
as high as possible iip the rivers. By these means the drainage
of the country will be effected, and an increased supply of water
for irrigation purposes obtained. This scheme will soon be i3ro-

fitable, because the works can be speedily completed.

Great difficulties presented themselves in dealing with the
Bundelcund zone ; not for want of rivers, for the Keyn, the
Betwa, and the Dussan, carry large volumes of water, but at the
wrong time. Kising in the high lands of Central India, and
dependent solely on rainfall, these rivers leajD down to the level of
the Jumna in alternate pools and rapids ; and as both the country
which they drain, and the beds on which they run, are chiefly

granite and trap, the rainfall is collected and carried oft' with
marvellous rapidity, leaving the river-beds almost dry soun after

the rain has ceased. The channel in which the river Betwa flows
is 1,450 ft. wide by 61 ft. deep near the town of Jhansi. The
highest floods of the river, which fill it brim-full, generally occur
in July or August, and measure above 700,000 cubic feet per
second. Yet, by the end of October the sujiply dwindles to 160
cubic feet per second, and by the month of January it is reduced
to 50 cubic feet per second, passing through a notch 6 ft. wide.
There is no water at all for sugar and indigo from February
to June, and when the river is full, water is not wanted for

irrigation.

To irrigate the whole area which the river commands, it would
be necessary to store water in the bed of the river, by construct-
ing a series of dams at the lower ends of the pools. But the cost
would be prohibitive. It has been therefore determined to exclude

[1872-73. N.S.J M
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from irrigation the rich black cotton soils which form half the

area, and, excepting in extraordinarily dry seasons, produce crops

without artificial moisture. The average water available will just

suffice to mature the wheat and other winter crops on the rest of

the country.

A weir 26 ft. high must be built across the River Betwa, in

order to raise the supply and reduce the depth of excavation at the

head of the canal to convenient limits. The Betwa Canal will

water 120,000 acres in the Jaloun and Humeerpore districts ; two-

thirds fully, and one-third only at ploughing and seed time. The
estimated cost is £170,000, and the anticipated return from water-

rate only, 10 per cent.

In the river Dussan the construction of a weir 15 ft. average

height, and 45 ft. above the lowest part of the channel, will water

the whole winter cultivation which it commands, amounting to

68,000 acres in the Humeerpore district. The cost is estimated at

£124,000, and the returns at 11 per cent.

On the river Keyn it is necessary to raise a dam 85 ft. high,

in order to bring the supply near the surface. Fortunately, the

rapid slope of this river, and the depth of the trough in which

it runs, enables this to be done without submerging the country.

The canal will cost £130,000, and return 11 per cent.

These three weirs will stand on barriers of granite, crossing the

rivers at the selected sites, and will be built of that material.

Lastly, fifteen considerable lakes in Bundelcund, which have

been formed in natural reservoirs, will shortly be made available

to water 22,000 acres, and to return £2,500 per annum on a capital

expenditure of £8,200.

By these means 700,000 acres will be annually watered in

Bundelcund and Jhansi ; an area sufficient to ensure the province

against famine, and, it is hoped, to restore it to its pristine fertility.

Having thus described the means provided for irrigation in the

North-Westem Provinces, it now remains to explain the financial

results. In 1870-71 upwards of 1,000,000 acres were irrigated from

existing works, which aSbrded a net return of £182,500, The
capital expended iip to the end of that year on all works in opera-

tion, good and bad, amounted to £2,747,000 ; the net profit on the

whole was 6*64 per cent. The further undertakings described

will add £4,690,000 to the capital, which will then amount

to about seven and a half millions sterling. The returns, actual

and estimated, are expected to rise to 12 per cent, on the capital,

when the canals shall be fully developed ; and this development

will be more rapid than it has been, because the value of water is
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now fully appreciated, whereas in early days the people had to he

pressed to take it ; also hecause distributaries are now made at

the same time as other works, whereas formerly they were not

begun until a canal was otherwise completed ; and because ex-

perience has taught economy in the distribution of water.

This concludes the narrative of proceedings in the North-

western Provinces. A large system of canals has been projected

for the irrigation of the neighbouiing province of Oude, from
the Eiver Sardah, which will extend to some jiarts of the Benares

division. Those works are under the direction of the Oude
Administration.

The physical geography of the Punjab is much the same as

that of the North-Western Provinces. There is a zone of 40 inches

rainfall at the foot of the Himalaya, bounded on the south by a

belt of IG inches rainfall. The remaining country to the south is

almost rainless. The principal canal in operation is the Western
Jumna, an old Mahomedan work, which, like the Eastern Jumna,
pays extremely well. Before the annexation of the Punjtlb this

canal was under the government of the North-Western Provinces,

and has been at work under British direction for ujjwards of

fifty years. It has paid nearly two million sterling clear profit, after

repaying capital. The Baree Doab Canal, taken from the Eavee,

was constructed on the model of the Ganges Canal. Fp to the

present time it has been contending with the difficulties which
beset the first undertaking in a new country, but contending

successfully, and gradually making way.

There are inundation canals on the Indus, the Chenab, and the

Sutlej, which, as their names imply, depend on the floods for their

supply. They are profitable to the state, and beneficial to the

people.

The Sirhind Canal, now under construction, is a work of first-

class magnitude and importance : it will cost about two millions

sterling, and irrigate a country where rain is now very scarce. It is

calculated to pay about 9 per cent. Another project is in execution

for the irrigation of the Peshawur Valley. Whilst the charac-

teristics of irrigation in the North-Western Provinces, Oude, and
the Punjab, are very much alike, they difler largely from the

conditions current in Madras. In Northern India irrigation is

carried over the whole country ; crops are watered both in winter
and summer, and the irrigation affords the greatest benefit in the
winter, when there is little or no rain. In Madras, on the other

hand, canal irrigation is only efiected during the rainy season,

u 2
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when rivers are full, and is confined to the deltas of the larger

rivers.

In Scinde, some few canals are in operation, and others are

under construction ; but they have not heen long enough esta-

blished to produce any important financial results.

It may be interesting to the profession to know that about

250 engineers, of and above the rank of assistant-engineers,

are employed under the Indian Department of Irrigation in

protecting the people amongst whom they live from scarcity and
famine, and in developing the advancement and prosperity of the

country.

A number of interesting matters, engineering, agricultural, and

social, relating to the subject, have of necessity remained unnoticed

in this rapid sketch, which has been limited to an outline intended

to show the soundness of the course adojited by the Government
of India, and the magnitude of the interests intrusted to the

engineers employed in the execution of the works.

The Paper is illustrated by a series of diagrams, from which
Plate 6 has been compiled.

[Colonel Greathed
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Colonel Geeathed stated that the bed of the river Jumna where
the weir was constructed at Okhla consisted of nothing but fine sand.

There was a consideiable stream of water passing down during the

rainy season. A different form of weir had been considered more
suitable for the head of the Lower Ganges Canal at Eajghat, where
no stone was available. Continuous experience had shown that

the best safeguard for a weir was to reduce, as far as possible, the

velocity of water passing over it by extending its length, as thereby

the dangerous action of the water upon the soft sand of the river

bed was mitigated. But scour, and depression of the surface and
bed of a river with such a bottom, must occur. It was necessary to

defend the main body of a weir by a long talus. The sandy beds

of these rivers were always raised on the up-stream side, conse-

quently that portion of the work would be safe from scour. The
main defence was presented by a line of contiguous deep wells

on the down-stream side of the weir, which were protected by a

talus of crib-work of rough boulder stones. The foundation of the

Okhla weir across the Jumna was on the level of the top surface

of the sand, or actual bed. The sloj)e on the up-stream side of

the weir was 4 to 1. The longitudinal walls were of rubble

masonry.

Mr. J. F. Batejiax said everybody present would recognise in

the works carried out by the Indian Government the great benefit

that , had been conferred upon the country at large. The Paper
was very interesting, but it was almost impossible to have it dis-

cussed by the Institution. There were no engineering details

beyond a general description of canals of vast magnitude which
irrigated a certain extent of country, and the only subject which
could come under the ordinary process of discussion was the con-

struction of the weir at Okhla. He confessed he had not obtained
that accurate conception of the mode in which the weir was con-

structed to enable him to offer any critical observations upon it. He
understood that on the u]3-stream side it had a slope of 1 in 4, and
that there were continuous cross walls, with a broad base formed of
dry rubble, and then a long slope of dry rubble on the down-stream
side. It appeared that there was a head of water of 5 ft. flowino-

over the crest of the weir at a velocity of 9 ft. per second or 10 ft.

per second at one part, and which increased to 18 ft. per second
lower down. Such information as this was useful and valuable as
a record of practical construction and working. The weir proposed
to be erected at Eajghat appeared to be a cylinder construction of
wells sunk into the sand, filled apparently with concrete or other
material ; but in this case also the Paper had not conveyed to his
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mind any impression as to the mode of construction. There could

be no question as to the importance of irrigation works, and the

great benefit they were likely to confer upon the country; and the

Institution could not but feel indebted to the gallant officer for

having taken the trouble to put such a series of details on record

;

but, practically, the Paper was one which did not admit of much
discussion.

Mr. ViGNOLES said that the Paper contained a mass of valuable

topographical information, but there was not a sufficient amount

of engineering details to discuss the most interesting point which

had been raised, namely, the best form of construction for a weir

where there was a large body of water tumbling over it at a great

velocity.

Colonel Greathed said he feared he had not sufficient materials

at hand to enable him speedily to afford more precise details.

The great extent of the district over which the works were

spread rendered it impracticable to review within the limits of

one Paper the general scope of the scheme, and, at the same time,

to furnish the details of works of construction. It had appeared to

him that the proper course, in the first instance, was to describe the

principles on which the scheme was founded, and thus to establish

a base for further discussion on specific works and details. The
weir proposed to be erected at Eajghat, at the head of the Lower
Ganges Canal, consisted of a vertical wall of brick or rubble

masonry, faced with ashlar, constructed to raise the level of

water in the river 6 ft. 6 in., and thereby to insure a constant

supply to the canal heads which are placed just above it. The
river fell over the wall upon a countersunk ashlar platform ; a row

of continuous wells of moderate depth would be constructed under

the vertical wall, and a similar row of deep wells along the tail of

the platform. A slope of crib boxes filled with heavy material

was proposed for the down-stream protection, and a dry stone

slope for the up-stream side of the wall. The flooring of the

weir would be of ashlar. At a future time he proposed to

present to the Institution accurate drawings of the weirs as

constructed, and of the effect upon the Okhla weir of the

extraordinary floods of 1871. The down-stream cross wall

was then completed to full height, but the up-stream wall was

not commenced. At that time, to protect the cross wall, the slopes

of dry stone had been carried to about 15 to 1 on the down-stream

side, and to about 4 to T on the up-stream side. The effect of the

flood was to silt up the bed to the level of the up-stream wall, and

no damage was done to the boulder talus of 1 in 4; but from the
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point at which the velocity increased to 18 ft. per second over the

weir. The surface of the down-stream slope was scored by holes, or

sometimes by cuts carried down to the tail of the weir, where there

was a considerable hole. The safety of the weir, however, was at

no time seriously threatened. The holes were not of great depth,

and at the end of the season were repaired at small expense.

Mr. Barlow inquired whether the flat slope of the weir was
considered necessary as the result of previous experience in India,

or was it made for the first time in the case of the Okhla weir ?

Colonel Greathed replied it was not the first time the slope was
carried to that extent. The sIojdcs of the weirs of the Kistnah

and Godavery were made much steeper. The stone facings of

those works were, if he could trust to recollection, cramped and
laid in mortar, whereas, at Okhla, the face blocks were merely

packed dry as quarried. The height of those works was also con-

siderably less than that of the weir at Okhla. The annual cost of

repairs of the Kistnah and Godavery weirs had at first been great,

and consisted chiefly of additions to the tail of the weir. Some stones

had been cut away, others had been thrown in, and in that way the

slope was prolonged. In the Pennair river, when the weir was carried

away for the first time, the down-stieam slope section was in-

creased to a slope of 1 in 10. After the second failure the slope

was altered to 1 in 20, and at that point it stood. As the con-

ditions of the Pennair river closely resembled those of the Jumna,
the regimen which had succeeded in the first case was adopted for

the other. There was a little falling in at the ' toe ' of such weirs,

where the slope was of small thickness. The great object was to

keep the scour off the main body of the works.

Mr. Parkes asked what was the position of the weirs with regard

to the courses of the rivers, and, severally, their lengths as

compared with the general breadths at their sites ?

Colonel Greathed replied, the weirs had been placed at right

angles to the rivers. The length of the Okhla weir was rather in

excess of the width of the extreme flood level, and was so designed

to reduce the velocity of the water going over, as much as possible.

In the case of the proposed weir at Eajghat, the length of the weir

was less than the average width of the river bed, but was in excess

of the width of the running water in highest floods, and was so

designed that the maximum velocity of the water going over it

should be under 8 ft. per second. The object of the weir was
to raise the water 6^ ft., and to save that amount of digging

for the first twenty miles. The Okhla weir, as constructed, raised

the surface of the water 8 ft. 6 in. That would be the level
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of the ordinary supply of the canal ; the cill of which was fixed

11^ ft. above the original river bed in order to lessen the influx

of silt. When the water in the river was above 8 ft. 6 in. it

tumbled over the weir, and, practically, it kept at, or above, that

level during the low-water season. In dry weather an increased

supply would be obtained by raising the crest of the weir 1^ ft. by
planks or movable shutters.

In answer to a question he stated that the Agra Canal weir at

Okhla was in operation, and the lower Ganges Canal weir at

Eiijghat had just been commenced. Much discussion had taken

place as to whether it was desirable to give the greatest support

to a weir on the up-stream side or on the down-stream side. Ex-
perience had shown that, under the circumstances which affected

the Efijghat weir, the strain was caused by the retrogression of the

river bed on the down-stream side. But, under other circum-

stances of soil and slope, a different conclusion might be arrived

at. In the case under discussion the river bed consisted of fine

sand only. It was found that the bed and surface of water on the

down-stream side of the weir had been lowered 3 ft. in consequence

of its construction, and the retrogression which this alteration

tended to cause required to be carefully checked. At Okhla, a

supply of stone on the spot rendered the broad construction

preferable. Where material was not abundant safety must be

sought in deep foundations capable themselves of resisting retro-

gressive action.

Mr. Brdnlees said it would be interesting to have a description

of the construction of the portion of the weir at Okhla, over which
there was a velocity of 18 ft. per second. He hoped that the Author
would favour the Meeting with a sketch of it, as he was sure it

would be a matter of interest to all.

Mr. Eedman said it was to be regretted that the Paper had
not been accompanied by general cross-sections of some of the

leading arterial canals, showing their formation in cutting and

embankment ; and, undoubtedly, there was a paucity of that tech-

nical information which should have illustrated the subject. But
it might reasonably be assumed that the Author only intended the

present as the first of a series. When the magnitude of the works
and the great number of engineers employed upon them was con-

sidered, it almost read like a fairy tale, to find that over so exten-

sive a tract of country, canals, costing, as these had done, large sums
of money, yielded so high a rate of interest as 6i per cent., and at

the same time conferred incalculable indirect benefits upon the

country.
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The weir which had heen erected at Okhla was certainly a

gigantic work. It was 2,000 ft. in length—double the length of

London Bridge—constructed across a large river. The question

at once suggested was, what were the functions of the two vertical

walls in the centre of its section? He took it for granted that

they performed tAvo important duties, both during the course of

construction and also when the dam was finished. In construction

they held up the crest of the work, and formed the nucleus of the

dam ; and when finished, they undoubtedly prevented the spread

of one of those breaches which occasionally occurred on the lower
slope, as described by the Author ; and, so far, they had proved con-

servative. He did not consider the precise formation of the ' toe ' of

the slope in a weir of that construction to be of much importance.

Undoubtedly, the ' toe ' of the slope, in an ordinary embankment for

sea defences or reservoirs, with a slope of 4 to 1 or 5 to 1 , did perform

important functions, and, unless it was very carefully made, the

wall was liable to fall, from inattention in that particular. Many
engineers sheet-piled the ' toe ' of the slope ; others dug a trench and
filled it in with a mass of concreted matter, forming a 'toe' on which
the slope of the wall at a steep incline rested, and prevented the

tendency of the wall to slip forward. Again, where exposed to

recession of the tide, or in the case of a reservoir with a small

amount of water—in either case the wall was liable to be under-

mined; but in this particular instance those functions were
rediiced to a minimum; and consequently the slope with an
incline like that of 20 to 1 had, in point of fact, very little ' toe

'

at all.

With reference to the proposed weir at Eajghat, it appeared that

there was a special construction through the heart of the work
formed by a series of cylinders. That row of cylinders would per-

form the same function as the two parallel walls which had been
constructed across the river in the case of the Okhla weir. A
question had been asked about the upper crest of the proposed

weir at Eajghat. He assumed that it had been planned, to a

certain extent, to save the expense of carrying the work to the

top of the flood water, and of forming a tumbling over-fall. If

his assumption was correct, the series of cylinders would perform
a separate duty in controlling any breach that might occur in

the surface. Again, when the water was flowing over at the flood

level, that duty would be reduced to a minimum.
In conclusion, he would suggest to the Author that he would

confer great benefit upon the Students of the Institution if he
would follow up this interesting Paper by accompanying it with
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more complete engineering details and by general sections of some

of tlie main arterial canals. A series of such documents would add

greatly to its value.

Mr. G. B. Bruce said there was considerable difficulty in dis-

cussing the Paper, owing to the incompleteness of the engineering

details. As regarded the Okhla weir, there was no information

given as to the water levels of the river. It appeared that the bed

of the river was of fine sand ; and it might be that the low water

at certain seasons was just level with the top of the bed, or—as was

often the case in Indian rivers—that the low-water level was below

the bed. If such was the case, it seemed strange that the cross-

walls should not have been sunk below the bed of the river ; and

under any circumstances, it seemed rather a hazardous experi-

ment to build the centre walls without putting wells under them, or

sinking the foundations to a greater depth than had been indicated

by the Author,

It had been stated that the slope of the upper section of the

apron in the Eajghat weir was proposed to be only 1 in 4 ; it was,

therefore, a matter of surprise that there was no protection to the

' toe ' of that slope, however much such protection might not be re-

quired in the lower portion of the apron, carried as it was to

such an extent that its formation simply amounted to tiimbling in

large stones for a great length along the river bed. The entire

structure, as proposed by the Author, seemed peculiarly ven-

turesome. The upper row of brick cylinders as well as the

lower one ought to have been carried down deeper, on to the

clay stratum, to which level, it had been stated, scour occasionally

took place during floods. If this was not done, he should expect

to see the upper wall fail, resting as it did on shifting sand very

liable to scour under the most ordinary circumstances. He did not

consider the weir would be safe with the upper cylinders carried

down to so shallow a depth ; and he thought that it would have

been wise and economical to have carried them to the same depth as

the lower walls, thus converting them into two cross-walls, and

filling the interval with concrete, protected with stone above, and

below at the ' toe ' of the slope. If built as proposed by the Author,

he believed that in a heavy flood the upper walls would be scoured

bodily out and carried over the lower line of walls, which, in their

turn, would be swept away in the general destruction.

With regard to what had been said about the rate of interest

which was returned to the Government by irrigation works in

India, he was glad to hear that they were so productive as to lead

the Govei'nment to carry them out to so large an extent ; but still
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he took witli great hesitation the account of the actual cost of

Government works. He thought in India generally that the public

did not know exactly the cost of public works : that was, they did

not know what was put into the estimate, and what was kept out-

side of it, or what were the general charges of the military

oiBcers and other persons in supervision, whose time and expenses

did not form an ingredient in the work. If he recollected aright,

there was some Mahomedan work, which was stated to have
returned a clear profit of two millions ; but it did not appear that

any one knew what it originally cost; and, consequently, any
estimate of the percentage of profit returned must be a pure

assumption. There was a great difierence between the manner in

which Government accounts were kept and those of a joint-stock

company. In the latter case, everything, including all general

charges, was placed to the account of the works constructed.

Mr. Baldwi^t LatHxVM observed, that the Paper was one of

considerable interest and importance, as showing the extent to

which irrigation works had been developed in India. Apart

from the great agricultural results obtained from irrigation, it

could not be overlooked that, with the extension of the works,

sickness and death had been materially increased, especially in

districts in which certain processes of irrigation were carried

on. It was well known in India, Egypt, Piedmont, Lombardy,
and Southern France, that such irrigation as was brought
into operation in the cultivation of rice, developed or augmented
a certain class of disease ; while, on the other hand, irrigation, by
a different method, or in which the irrigated meadows were

arranged with sloping surfaces, as in the cultivation of marcite, no
baneful results had followed ; hence, laws and regulations had been

introduced into many countries restricting the cultivation of rice

to certain distances from populous places, but permitting other de-

scriptions of irrigation to be carried on in their immediate vici-

nities. In the year 1845, a Commission was appointed by the

Governor-General of India, to inquire into the cause of the un-

healthiness of certain irrigated districts. That Commission was
also required to report upon the probable effects of the introduction

of irrigation, in the district described in the Paper as lying between

the rivers Ganges and Jumna. The results of that investigation

were recorded in Capt. Baird Smith's " Italian Irrigation,"^ and the

conclusion then arrived at distinctly pointed out that in the dis-

tricts " under the influence of the existing canals, sickness had been

' Vide " Italian Irrigation,' by R. Baird Smith, F.G.S., Capt-.iin of Engineers,

Bengal Presidency. Edinburgh and London, 1855. Vol. ii., p. 359 et seq.
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largely developed." The Commissioners, however, pointed out that

this vp-as in a great measure due, not so mnch to the results of

irrigation, as to the fact that the natural drainage of the country-

was impeded, and tracts of swampy land created which diffused

a malarious influence around.

In the cultivation of rice, the system adopted was that of

surrounding the irrigated plot by a small embankment, turning

the water within the enclosure ; and, as a rule, such water had

no chance of escape except by evaporation through the rice-

plant or from the water surface. Irrigation works laid out with

surface slopes, and a current of water flowing over the surface,

prevented that stagnation which, in the case of rice, had been

shown to be detrimental to health. What were the precise dif-

ferences of the application of water in rice irrigation and those in

irrigation works, where a constant current was kept moving, he

had made a subject for investigation, and would proceed to give

the results of some experiments, which would show that where a

surface velocity was created, that velocity would promote a circu-

lation of water through the soil, a matter of no small im-

portance, as by that circulation manurial matters were equally

distributed, while other matters, not required b}^ the plant, were

removed, which, if allowed to stagnate, produced those ill-efiects

shown when cultivating rice. He had been led to undertake

those experiments in consequence of having observed in sewage-

irrigated fields, that if sewage was placed on a field laid out

with surface slopes, and the field was perfectly saturated with

water, as in time of heavy rainfall, the sewage displaced the

rainfall which had saturated the soil, taking its place ; and

that subsequently it appeared that each increment of sewage

passed on the surface of the field displaced the previous increment,

and so a circulation of water was carried on through the soil.

In order to put these views to the test he had constructed a

water-tight glass tank, 5 ft. long, 12 in. deep, and 6 in. wide.

The tank had then placed in it a solution of perchloride of iron

of the specific gravity 1*027. It was then slowly filled with fine

silver sand, and after being allowed to rest for some time in order

to obtain perfect solidification of the materials, the tank was
placed at an inclination of 1 in 100. An infusion of nut-galls of

the specific gravit}' of 1 • 002 was allowed to pass slowly on to the

tank, at its upper end, the infusion being dropped into a small

metallic trough, laid across the glass tank so as to prevent the dis-

turbance of the surface of the sand by the passing of the infusion

of galls on to it.
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In Fig. 1 the point T showed the position

of the trough receiving the infusion of

galL The two liquors used were adopted

on account of their mixture forming a tan-

nate of iron, or ink, wliich portrayed a

perfect diagram at every stage of the ex-

periment. The light lines showed the effect

produced by the infusion of galls after each

24 hours' experiment, and the total quan-

tity of solution passed from the commence-

ment of the experiment. It would be seen

that by natural gravity the infusion of

galls could not be passed to a greater depth

than 0*6 in., at the upper end of the tank,

and that gradually the depth diminished

to nothing at the lower end. After 48 pints

of infusion were passed on to the tank the

infusion reached the bottom of the tank,

and from the direction of the curved lines

it was natural to infer that, had the tank

been deeper, a greater depth would have

been reached. What was singular in the

case was that the light gall solution which

displaced the iron solution for the space

above the lines, marking the point of con-

tact between the two liquors, was found to

contain an infusion of galls ; and, until the

black lines marking the junction between

the two liquors reached the lower end of

the tank, nothing but a pure uncoloured

solution of iron came off, equal in quantity

to the gall solution passed on. At the end

of the ninth day, instead of an infusion of

galls, a solution of perchloride of iron was

passed on to the tank. The three dark

lines showed the effect produced in those

days by reversing the order of the liquors

which had been used, and again producing

discoloration at the point of junction be-

tween the two liquors. This was corro-

borative of the displacement of the former

liquor occupying the interstitial place in

the sand. It would be seen that the
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displacement was much, more rapid when a solution of greater

specific gravity was used to displace an infusion of less specific

gravity. During the three daj'S the iron solution was passed

in, it had the effect of driving forward the former infusion

of galls in the sand; for, as the three dark lines were being

produced, the three light lines marked -j—|—|- were also formed.

The last two light lines were formed by simply passing water on

to the upper end of the tank, which had the effect of pushing

forward the infusion of galls. A number of experiments were also

made, with, different materials, all of which went to show that

where there was an inclination of surface or the productions of

natural currents over the surface, a circulation through the soil

took place.

While these experiments were proceeding another tank was pre-

pared giving the conditions of a rice-irrigated field. In this the

sand was saturated with a solution of perchloride of iron, and an

infusion of gall passed on to the surface ; the tank was kept level,

and there was no inclination of the surface and no motion in the

liquor over the surface ; and it was found that after six months'

contact, discoloration of the sand had not taken place to a greater

depth than • 25 in., showing that there had been no displace-

ment of the water occupying the interstitial space in the sand-

What could be the precise cause of these results, except circulation,

it was difficult to conceive. It might therefore be assumed

that when there was no motion in the liquor over the surface

there was no penetration into the soil ; but that by an in-

clination of surface producing a current, however small, that

current appeared to have the power of putting in circulation

the water occupying the interstitial space of the soil. The

curved lines in Fig. 1 represented the different rates of velo-

city within the interstices of the sand, at various depths from

the surface. For example, at the end of the third day it

would be seen that, while the water had flowed 4 ft. through

the surface of the sand, it had only flowed a distance of 1 ft. at

the level of the bottom of the tank ; showing that the velocity of

the surface was 4 times that at the bottom of the tank. From

these experiments he had drawn the conclusion, that rice irrigation

differed from ordinary irrigation, where the fields were laid out

with slopes so as to create a velocity of the surface, as much as a

stagnant swamp can differ from a running stream ; and he thought

that they further demonstrated that, if it was possible, by any

means, to establish such a system of irrigation in the cultiva-

tion of rice, whereby a circulation of water could Ije promoted
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tlirough the soil, that class of irrigation could be deprived of its

noxious influence. The circulation of water through the soil,

although never to his knowledge previously established, had a

marked beneficial influence on irrigation works, as conclusively

shown from the practice adopted for generations in the irrigated

districts of Piedmont and Lombard}^, where it was customary, as

the head-water was left, to increase the natural slope of the irri-

gated beds, in order to create a greater velocity, and hence a greater

circulation through the soil. He might also add, that even rain

falling upon the surface of a fleld having a considerable slope would

produce a circulation through the soil ; for it was found that an

infusion of gall, admitted on to the glass tank, at several points

formed a series of curves very similar to cycloidal curves, and that

the iron solution was driven out at the lower end of the tank.

Mr. W. Shelford said that he had in his possession a longitudinal

section of the river Nene at Sutton Bridge, taken in July, 1847.

At that time the present bridge had not been erected, but an older

structure occupied its site, and the bed and sides of the river

—

of sand and silt—having been scoured away, it had become

necessary to protect the foundations of the bridge by throwing

in stones. At the time the section was taken the stones so

thrown in had formed a weir, of a rough character, across the

river to the height of some 7 ft. 6 in, above the normal bottom.

The river Nene was a tidal river, and at high water of spring

tides there was a depth of about 21 ft. over the weir, and at low

water of spring tides a depth of about 3 ft. 6 in. The difference

of level between the surface of the water on the upper and lower

sides of the bridge was about 1 ft. at low water. At a distance of

300 ft. on each side of the weir there was a deep hole, which was

23 ft. below the normal bed, giving on each side a slope of about

1 in 10 from the summit of the weir. At a distance of 600 ft.

on each side of the weir the new bed remained iindisturbed. The

total distance between the two extreme points where disturbance

took place being about 1,200 ft.

Mr. J. G. C. C. GoDSMAN considered that the necessity for irriga-

tion works was unhappily too well known to all acquainted

with India, each and every one of whom must have often heard

the terse but truthful phrase, " Irrigation is life-blood." If the

self-constituted rulers of that country did not take care that a

sufiicient quantity of water was stored up and supplied to the

natives, they were responsible for the lives lost by famine. As the

question stood at present, it was the duty of engineers to consider

how they could most efficiently and economically design and con-
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struct works wliicli should
—

"by contributing to their future happi-

ness and prosperity—in some measure, recoup the toiling millions

for the fearful amount of taxation which, under British rule, had

been exacted from them without adequate return.

The I'aper was certainly not one from which much could be

learnt by the Students of the Institution who were preparing for

Indian appointments. It appeal ed for the most part to be com-

posed of geographical, meteorological, and statistical extracts, of

comparatively little use to those whose duties for many years

would necessarily be confined to executing and superintending

subordinate works. It was true that some scanty details had been

given of the weir in course of construction at Okhla, and of

another proposed at Eajghat. But so far as could be ascertained

from the imperfect information before the meeting, both of those

models were rather to be avoided than imitated.

About thirty years ago he was employed under the East India

Company upon the irrigation works of the Madras Presidency. At

that period, with the exception of the Colleroon Annicuts and the

works in connection with them, no extensive irrigation works had

been undertaken by the Company ; and indeed those which had

been previously constructed under the native rulers had, in

numerous instances, by an unwise economy, been allowed to fall

out of repair, and hence into desuetude and decay. It was

a melancholy fact that as lands previously watered had been

reconverted into jungle whole districts had become deserted and

depopulated. The comprehensive accuracy of design exhibited

in the more extensive native works, and the thorough economical

adaptation of the minor constructions to the several objects in

view, showed that the natives must have formerly possessed a

thorough practical acquaintance with the leading principles of

fresh-water hydronomy. Their clear appreciation of the relative

importance of the primary elements of time, height, and volume

was strikingly displaj'^ed in the accurate manner in which they

had determined the exact character and class of works necessary

to meet the peculiar exigencies severally involved. Scarcely any

changes were required in the levels of the larger channels which

they had designed, and their works, although constructed of the

most economical materials, had lasted for centuries. A well-

known instance of the durability of the native works was afforded

in the case of the Grand Annicut, or weir, at the seaward extremity

of the island of Seringham. That weir was 1,800 ft. in length,

from 40 ft. to 60 ft. in breadth, and its crest was from 15 ft. to

18 ft. above the level of the adjacent bed of the river. Although
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only built of rough stones of moderate size set in clay, it had

withstood the effects of the floods for 1,600 years, a period at the

expiration of which few engineers of the present time could

reasonably hope their works would exist.

When he was employed in the Madras Presidency there were

several systems adopted for dealing with the scour produced by

the overfall water from a weir. Some weirs were simply built

of rough stones, and others had masonry or brick dams with short

masonry aprons, the entire structure being based on foundation

wells. In those cases rough stones were from time to time

tumbled below the crest of the weir or at the termination of the

apron, until experience showed that a sufficient number had been

thrown in to counteract the effect of the scour. Another mode
was to construct a masonry apron of a greater length, in which

upright stones were sometimes placed to ' break ' the fall. In

some weirs the apron was divided into a series of steps with the

same object in view, while in others hollows, or a series of hollows,

were constructed in brick or masonry, so that the reservoirs formed

should act as a kind of water cushion, and these were occasionally

filled with rovxgh stone so as further to break i;p or distribute the

force of the fall.

At that time there was a great divergencj^ of opinion as to the

precise forms to be given to weirs. The natives contended that

to deal economically and successfully with water, it was only

necessary to study the operations of the Great Engineer of

the universe, and hence, that the forms adopted for artificial

works should as nearly as possible be those by which the

desired effects were naturally produced by the action of water.

Hence, nearly all their weirs were designed in curves, or a series

of curves, in greater or less imitation of the forms assumed when
water crossed a natural shoal or hard in the bed of a channel. On
the other hand, the Madras Engineer officers for the most part

rejected this theory, and adtjpted straight, level, and perpendicular

outlines in their constructions. One of the advantages possessed

by the native system was, that the curved surface of the crest of

•the weir allowed the water to pass over more easily ; Avhile the

central depression, or depressions, insured a greater degree of

unif )rmity and permanence in the deep-water channels into which
the broad beds of sandy rivers with small falls were apt to be

divided. Another advantage possessed was, that owing to the

greater velocity at the depressed portions of the weir, the sand

and silt brought down from the up-country were passed over the

weir instead of being allowed to accumulate in the bed of the river

I

1872-73. N.S.] N
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on tlie up-stream side. The practice of the Madras Engineer officers

was to construct under-sluices in the body of their weirs in the

hope of attaining a like result, but he might safely say that during

his experience in the Madras Presidency he had never seen an

under-sluice in a weir that had effected the object with which it

had been erected, namely, that of keeping the bed of the river

above the weir free from accumulations of sand and silt. The

under-sluices in the CoUeroon Annicuts were a notable illustration

of the general correctness of the native views. The under-sluices

in both of these works had proved a complete failure, and in the

case of the Upper Annicut it had become necessary to revert to

the native practice by lowering a portion of the body of the work

so as to make a central depression of 700 ft. in width and 2 ft.

in depth. He made these special criticisms with less reluctance

than he otherwise should have done, because—in their financial

and general results—the Colleroon Annicuts had unquestionably

proved one of the most remarkable successes on record. None but

those who, like himself, had been employed in the district could

form an idea of the blessings which they had conferred, or rightly

estimate the gratitude and esteem in which the memory of their

talented projector, Sir Arthur Cotton, was held by the inhabitants.

To the moral energy and persistency of that officer it was mainly

due that sanction was obtained for the first large expenditure,

under British rule, for irrigation works in India. In these days of

facilities of transit and rapid communication of ideas, it was difficult

to realise the extent to which the Madras Engineer officers, at that

period, had to rely upon their own resources, or the disadvantages

consequent upon the comparative isolation from professional in-

tercourse and assistance in which they were placed, and under

which they had to discharge their onerous duties.

Colonel Medley, E.E., had seen the Okhla weir while under con-

struction, and certainly had thought it a very bold piece of engi-

neering ; biit he understood it to be an attempt to apply the Madras

system of construction to a stream in Upper India. He understood

that system to be a shallow foundation with a long talus of loose

stone on the down-stream side, which was repaired and replaced by

fresh stone as fast as it was undermined and disturbed by the scour

of the river. In Bengal, on the other hand, the foundations were

carried to a great depth, often to 60 ft. or 70 ft., until firm soil

was reached. The difference in practice he had understood to arise

from the presence of stone in the one case and its absence in the

other. Bengal Engineers, as a rule, had nothing but brick to work

with; but, as there was plenty of stone at Okhla, the Madras

practice had been followed.
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At Rajghat, lie believed, there was no stone. The mode of con-

struction proposed for the weir at that place seemed hazardous. He
should certainly fear a dangerous scouring action at the ' toe ' of the

down-stream slope.

He had been for four years in charge of the Indus Inundation

Canals, of which a slight description might be interesting to the

Meeting. They were for the irrigation of what was called the
' khadir,' or bottom-lands of the river, and were simply cuts from

the parent stream, generally parallel to its course. They were
filled with water when the river was in flood, and emptied again

in the cold season, when the river was low. Advantage was then

taken of the subsidence of the water to clear out the silt deposits of

the channel, in readiness for the next rise. They were thus only

useful to the ' khurreef,' or autumn crop, the less valuable of the

two ; but, owing to the very scanty rainfall of that part of the

country, seldom exceeding 4 inches or 5 inches annually, they were
of great importance to the cultivators.

As to the perennial canals, which were the more immediate
subject of discussion, it had always seemed to him that sufficient

attention had not been paid to a better mode of selling the

water to the cultivator than the present system of measuring the

irrigated land, and charging water-rate by crop and area. He had
always thought that the water should be sold, like beer or wine, by
measurement, and that any interference with it after it had been
delivered at the distributory head was an expensive and meddle-

some system, which drew away the engineer from his proper duties,

to business which more properly belonged to the revenue authorities.

He was quite aware that there were difficulties in the invention or

application of a satisfactory module, arising chiefly from the ine-

quality of supply in the main canal, and therefore of the head of

pressure at the irrigation outlet, as well as from the want of

available fall at this latter point. But he believed those difficulties

had been exaggerated, and that any system which gave even a

tolerable approximation to fairness would be preferable to the

present. In this opinion he was supported by Colonel Fife, the

Chief Engineer of Bombay Irrigation, and by other engineers,

though he was aware the canal engineers of the North-^Vestern

Provinces were generally opposed to it as impracticable.

It also appeared to him that more attention should have been
paid to the importance of navigation canals in Upper India, a

subject which had only lately received serious attention. He was
aware of the great, perhaps the insuperable, difficulty of rendering

irrigation canals properly navigable under the conditions that

N 2
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obtained in Northern India ; but the importance of cheap water-

carriage in a poor country like India, and for bulky articles such

as grain, could scarcely be overrated. He did not see the great

benefit to be derived from indefinitely increasing the productive

agricultural area of a country, unless equal facilities were given for

the cheap carriage of the produce. In many countries which are

exceedingly productive, the condition of the cultivator was anything

but satisfactory. Low wages and low prices, in fact, had always

meant poverty all over the world, and always would mean it. He
did not undervalue irrigation in saying that it was not the panacea

its friends often represented it to be.

He remembered the late Lord Elgin remarking, when he saw the

Ganges Canal, that having been in America, he could not help

feeling what a pity it was that all the water-power at the various

falls should be running to waste. Colonel Medley would like to see

the time when English capital, which was expended all over the

world, should be applied in that direction, so that great manufac-

tories might be established alorig that magnificent stream. ]\Iean-

while it was desirable that cheap water communication should be

obtained as quickly as possible, so that the whole population of

fertile districts should not be emploj'ed simply in raising their daily

food. With cheap water communication, the failure of the crops

would not be the irretrievable misfortune it now was.

Mr. Bruce inquired whether the cross walls of the Okhla weir

were founded upon the normal bed of the river, or were sunk below

it?

Colonel Medlev replied, they were founded upon the normal bed

of the river, not sunk.

Mr. Bruce remarked that the ordinary practice in the Madras

Presidency would have been to have sunk the wells 6 ft. or 10 ft.

below the normal bed of the river, and then to have built the walls

upon them.

Colonel Smith said that it was quite true that, as Mr. Bruce

mentioned, the Madras practice would have been to sink wells

filled with rubble, and to build the walls upon them; but he

thought the use of the walls in the Okhla weir was not properly

understood. Objection had been made also to there being no

foundation to the ' toe ' of the dam, both in front and rear. He
would point out, with regard to the front of the wall, that a

foundation was not found to be necessary, for, instead of the soil

being carried away, there was an accumulation, and the whole

river-bed gradually filled up, till it reached the crest of the weir.

There was, therefore, no occasion for protection to the front wall,
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or slope. ^Vitll regard to tlie rear slope, wliicli was a very long

one, it was found that the stones at the end did sink during floods,

and as often as they sunk their places were filled up again and
again, so that, in the end, a good foundation was secured.

Then, as to the use of the walls. It Avas found that the great

force of the stream in floods often lifted even largo stones, and

carried them bodily down the slope, so that, if there were nothing

to prevent it, the whole of the upper part of the weir Avould be

carried away ; consequently, it was found necessary to construct

cross walls, to prevent the stones traveling. They were not

intended to resist the scour, which was prevented by the front

wall and slope.

With resjiect to the interest upon the capital expended upon
the works, Colonel Smith could not vouch for the accuracy of

all the statements which might have been put forth, but he

remembered on one occasion being permitted to see the ac-

counts of the Ganges Canal, which was unsuccessful for many
years, and he was struck with the faithfulness with which every

farthing was debited against it. He was happy to learn that the

works in the North-Western Provinces paid 6 per cent, upon the

capital ; but he did not know whether, in making these calculations,

the salaries of all the engineers were charged against them or not.

He was inclined to believe they were.

With regard to rice irrigation, he himself was a witness that it

was not necessarily unhealthy. His son, now present, was born in

the midst of it ; for at that time Colonel Smith's family occupied

a house in the centre of a large area of rice fields, and the same
house had been inhabited for years without the least thought of

unhealthiness. He believed, if the rice were properly drained,

there would be no inconvenience from malaria ; certainly neither

he nor his family ever suflered from it. If, however, the drainage

were neglected, or only half done, the result might be difierent.

With regard to under-sluices, Mr. Godsman had remarked that
" he had never seen an under-sluice in a weir that had efiected the

object with which it had been erected, namely, that of keei^ing the

bed of the river above the weir free from accumulations of sand
and silt." Colonel Smith must, with great deference, say he never
now heard of under-sluices which did not answer their purpose. But
that was not to keep clear the bed of the river, but the mouth of

a supply channel. It was useless to attempt to clear the bed of
the river, but it was absolutely necessary to keep the mouth of the
irrigation channel clear, and that was done by the under-sluices.

A remark was made about the works of the Grand Annicut having
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been in existence 1,600 j'^ears; and what a lesson it afforded, com-

pared with, the works of modern engineers. It was true that the

Grand Annicut continues to this day, hut the authors of it never

considered the question of pounds, shillings, and pence, and it is

all the more creditable to modern engineers whose works endured,

in which that very important consideration had been attended to.

When Sir Arthur Cotton, who was the founder of the modern

system of irrigation in Southern India, first went there, it was to

repair the defects in the Grand Annicut ; and, in doing that, he

originated the system which was the glory of Southern India, and

a benefit to the whole empire.

Then, something was said aboitt time and height. He believed

one of Sir Arthur Cotton's suggestions led to a considerable change

in the previous system. In the early days of irrigation, the native

plan was to make a channel at such a height in the bank of the

river that, when the river rose to that height, the channel was

filled, and, when the river went down, the tanks were left full

;

but it must be observed that sometimes the river never rose to that

heiglit, and then the tanks were not filled. That was the defect of

the native system. By Sir Arthur Cotton's plan the dam raised

the bed of the river, and adjusted the level of the flood to that of

the channels, so that they were always filled. That was the

difference between the ancient and modern systems, and he thought

the latter had the best of it.

With reference to the measurement of water—the Government

of India had expressed a desire to have the means of measuring

water on a large scale by an apparatus which would be simple and

easy of management. He was glad to say there was already a

simple method of doing it. An instrument made for another

jmrpose had been accidentally found to possess the property of

delivering equal quantities of water in equal times, under any

head, and thereby of measuring the quantity of water passing

through it. The instrument was very simple, cheap, inaccessible,

and, when properly fixed, not liable to get out of order.

Mr, GoDSMAN said, that whatever differences of opinion there

might be as regarded the efficacy of the under-sluices, it was desir-

able that those studying Indian irrigation should clearly under-

stand that they were originally placed in the CoUeroon Annicuts

with the object of keeping the bed of the river above them free

from accumiilations of sand and silt. As the contrary might

have been inferred from Colonel J. T. Smith's remarks, he would

take the liberty of reading some extracts from the Transactions of

the Madras Engineers, of which that officer was the editor. In a
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Eeport on the Colleroon Anniciits, Colonel Duncan Sim, the

Inspector-General of Irrigation Works, said :
—" There remains

another objection to be considered which I have not heard stated, but

which appears to me to be ofmore weight than any of the preceding.

It is the difficulty to be apprehended in preventing the bed

of the Colleroon above the annicut from being raised to a level with

the top of the work, or nearly so, by the sand and mud in its pas-

sage down the river. If this should happen, it is manifest that

the bed of the Colleroon being raised at the point of separation

several feet higher than that of the Cauvery, a much larger portion

of the mud and sand will be carried into the latter river than

can be discharged by the under-sluices or into the sea through the

mouth of the river. The object of the annicut is to raise the water,

preserving the bed of the river at its present level ; for if the bed
is raised, the remedy, like all former expedients, will be tempo-

rary.^ .... To prevent this evil, a certain number of under-

sluices have been constructed in the annicuts, but these are appa-

rently not of sufficient power, for the bed of the Colleroon at both

annicuts has already been very considerably raised." ^ And, again,

in a subsequent portion of the Eeport, reverting to the subject, he
said :

—"In considering in a preceding part of this Paper the

objections which have been urged against the annicuts, I have

adverted to the difficulty of the gradual deposition above it of the

mud and sand brought down by the river in its gushes, and the

ruinous consequence which would follow any considerable rise in

the bed of the point of separation from its sister stream. The evil

was not overlooked by Captain Cotton, who provided for its pre-

vention seven sluices, as already described, distributed along the

annicut, having in all twenty-two vents, each about 2 feet in

width and 2i feet in height. But these are evidently inadequate

to the purpose, and are far from being sufficiently powerful to

regulate the bed of a river 750 yards wide, having a rapid stream

12 or 14 feet deep in high floods. On such a volume of water,

bringing down a large quantity of earthy matter from the mo^^n-

tains, twenty-two small openings can scarcely be expected to

exercise sufficient influence. The nature of the deposits also

increase greatly the difficulty of their removal. They do not con-

sist entirely of sand or gravel, but contain a considerable portion

of fine clay and soil, which, as it dries, hardens and forms, with the

sand, a mass almost impervious to water, and requiring the influ

Vide Transactions of the Madras Engineers, vol. i., p. 14:2.

Ibid., p. 143.
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ence of an extensive and rapid stream to displace it. The accumu-
lations above both are already very considerable, and in some parts

not far below the top of the works." ^

In his Eeport on the Irrigation of Southern India, Colonel Baird

Smith had also stated that there were twenty openings or sluices

in the Upper Annicut, and that the object with which they were
constructed was " to effect the passage of the sand, and, if possible,

to prevent the bed of the CoUeroon above the dam being raised by
deposits." ^ And he further stated that thoy had proved ineffectual,

and that, at the time of his visit, the bed of the river above the

dam was on the same general level as the crown of the work.^

As regarded the question of navigation, it might be interesting

to know, that in the Madras Presidency it was the custom to bring

the produce from the upper country down the rivers, irrigation

channels and canals in wicker boats covered with hides—the doAvn-

stream favouring their voyage—and that, when discharged of their

load, they were taken to pieces, and carried back by bullocks. He
did not consider rice cultivation was necessarily unhealthy if proper

precautions were taken as regarded the drainage ; but in all tropical

and semi-tropical counti'ies he had found that when the water first

entered the dry channels, and moistened and stirred up the decayed

vegetable matter, a certain amount ofendemic disease was inevitable.

Colonel Smith said, that he had expressed a different opinion

from Mr. Godsman on one point, which he still maintained. He
said that under-sluices in an annicut were not now made to maintain

the bed of the river, but only to keep clear the mouth of a supply

channel. Colonel Baird Smith himself stated that the under-

sluices in the annicut referred to were useless to keep clear the bed

of the river.

With regard to the Colleroon, he said it occupied the same

position in regard to the Cauvery as a main river does to a supply

channel, and the object of the under-sluices in the bank of the

Cauvery was to discharge any surplus water from that river into

the Colleroon, which was at a lower level ; but it was found that

there was no means of regulating the bed of the Cauvery except by
the construction of a demi-annicut, or wall, across its mouth at the

point of separation. What he stated was that the object of under-

sluices was, not to keep the bed of the river clear, but only to keep

clear the mouth of the side channel, which M^as the channel for

leading off the water for irrigation.

' Vide Transactions of the Madras Engineers, vol. i., p. 144.

2 Vide " Irrigation in Southern India," p. 18.

3 Ibid., p, 20.
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Mr. RussEL AiTKEN expressed, his concurrence with the views of

Colonel Medley as to the desirability of selling water for irrigation

hy actual uieasixrement of the water supplied, hut thought there

were many diffictilties in the way of doing it, as the Hindoo cul-

tivators were very cunning in seeking means for evading payment.

He was the only engineer in India who had. sold, water for irri-

gation by meter, and it was impossible to conceive the innumerable

methods that were practised to evade payment for all the water

consumed. Therefore any means invented for measuring water

must be exceedingly simple, and. at the same time incapable of

being tampered with.

The proposed, mode of constructing the weir at Eajghclt was
quite different from what was originally proposed by Captain

Jeffreys ; and looking at the construction generally, and the mode
in which it was proposed to put in the tail slope, he did not think

it practicable to make a permanent work in the manner described.

As the level of the water in the river was much higher than the

country on one side of it, the danger of causing the river to take

a fresh course must not be overlooked.

Mr. Hawksley, President, regretted that the Author was unable

to attend to reply upon the discussion. The Paper was really a

valuable one. If time had permitted he would, on behalf of the

Author, have made a few observations upon some of the principal

points which had l3een discussed ; liut the hour for adjournment

had arrived, and therefore he had not the opportunity of doing the

Author that justice which otherwise he should have felt himself

obliged to do on the occasion of his enforced absence.

January 21, 1873.

T. HAWKSLEY, President,

in the Chair.

The discussion upon the Paper, No. 1,350, " On the Practice and
Results of Irrigation in Northern India," by Colonel W. H.

Greathed, was continued throughout the evening, to the exclusion

of any other subject.
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January 28, 1873.

T. HAWKSLEY, President,

in tlie Chair.

No. 1,366.—" Cylindrical or Columnar Foundations in Concrete,

Brickwork and Stonework." By John Mileoy, Assoc. Inst.

C.E.i

The use of iron cylinders, or caissons for foundations of all

kinds, has now become so general as to have apparently

excluded, in this country at least, their prototypes, the brick

wells of India. Nor is this to be wondered at ; for the ease with

which they can be handled and put together, the sharp-cutting

edge which they present for the penetration of the ground, and

their adaptability to what has been till recently, and still is with

many, the popular mode of sinking, have naturally rendered their

adoption the favourite expedient of the engineer. But the high

price iron has now reached, and the invention of improved

apparatus for sinking, render this a suitable moment for con-

sidering whether ii'on cylinders are really, in all respects, the

best that can be procured, and whether an efficient and economical,

and therefore preferable, substitute may not be found in concrete,

brick, or stone. The object of the present Paper is to describe an

attempt by the Author, acting partly in concert with Mr. J. W.
Butler, Assoc. Inst. C.E., to render these materials more easily

available for cylindrical foundations.

Brick cylinders demand prior consideration on the ground of

their antiquity. It is well known that they have been in use in

India for centuries.^ Their introduction into this country has more

than once been suggested, and there is reason to believe that this

suggestion has already to some extent been acted on ; but probably

the Engineers for the Trustees of the Clyde Navigation have been

the first to adopt them on a large scale in connection with a great

and important work.

1 The discussion upon this Paper extended over portions of two evenings, but

an abstract of the whole is given consecutively.

2 Vide Miuutes of Proceedings lust. C.E., vol. ii. (1842), p. 63 ; xvi., p. 449

et seq., and xxviii., p. 325.
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The expanding commerce of Glasgow and corresponding growth
in the shipping trade have for some time rendered an extension

of quay and dock accommodation absolutely necessary. The
number of vessels entering the harbour has progressed in a

growing ratio ; and a range of ships, two or three deep, along

the line of wharves, is a common sight during a great part of the

year. The inconvenience and delay thus occasioned became at

length so unbearable, that in 1869, the Trustees of the Clyde
Navigation requested Mr. J. P. Bateman, M. Inst. C.E., and
Mr. J. Deas, M. Inst. C.E., to consider and report on the best

means for providing a large and progressive extension of quay-
age, suited to the present and future requirements of the port.

Their attention was particularly directed to the necessity of

obtaining a greater depth of water in the harbour for the ac-

commodation of ships of the heaviest burden. This result was
one not easily attained in the deep stratum of running sand which
constitutes the bed and banks of the Eiver Clyde. Hitherto, the

quays have been constructed with ordinary retaining walls, founded

by means of coffer-dams on piles driven into the sand. This system,

besides being deficient in strength and durability, is open to the

objection that the foundations cannot easily be carried down so far

as to admit of the bed of the river being dredged to the depth
required by the largest vessels of the present day. Mr. Bateman
and Mr. Deas accordingly directed their attention to iron cylinders,

and subsequently, on the suggestion of the Author, to brick cylin-

ders, which seemed to him to be admirably adapted to overcome,

economically and effectually, the difficulties of the situation. After

due consideration, theypresented to the Clyde Trustees an exhaustive

report; and in the year 1870, an arrangement was made with the

Author, in conjunction with the late Mr. Thomas Brassey, Assoc.

Inst. C.E., to construct in brick cylinders, to some extent as an

experimental work, the Plantation Quay, an extension westward
of the wharves on the south side of the Clyde.

A detailed description of this and similar works, executed, or

contemplated by the Cl^^de Trustees for the improvement of the

harbour of Glasgow, might be interesting ; but the Author abstains

from anticipating any one to whom it might more naturally fall to

bring them under the notice of the Institution. Accordingly,

after a brief introductory description of the Plantation Quay, he

will confine his remarks to the novel manner of making brick

cylinders, to the mode of sinking them, to the form of the ' shoe,'

and to the general arrangements adopted in the execution of the

work.
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The Plantation Quay is founded on a hundred brick cylinders,

sunk in a continuous line close together, so as to form a length of

400 yards of quay. The wells are 12 ft. in external diameter

and 2 ft. 4 in. thick, thus having an intei'nal diameter of 7 ft. 4 in.

Their shape is circular, except at the points of contact, where

they are formed with ' a tongue and a groove,' that is with a

square projection on one side and a corresponding recess on the

opposite side, alternately fitting into and sliding down the ad-

joining wells (Plate 7, Fig. 1). The cylinders thus form a con-

tinuous wall, and the ground behind is protected from the disturb-

ing action of the tides. This arrangement was suggested by Mr.

Eandolph, Chairman of the Works Committee, in place of the

wrought-iron tongue which was originally proposed.

The site of the new quay was a sloping bank, pitched with

stones, which projected into the river somewhat beyond the line

of the cylinders. A trench could accordingly be cut down, pre-

paratory to the sinking, nearly to the level of low water, leaving

between it and the river a ridge, which, though not adequate to

exclude the tide altogether, was sufficient to prevent the influx of

water becoming inconvenient. The depth of water outside was

about 14 ft. at the ebb, and the rise of the tide averaged about

8 ft. From the bottom of the trench the cylinders were sunk

on the average about 36 ft. ; but the earth on the river-side was

removed when the sinking was completed, and dredged to a depth

of 20 ft. below low water, thus leaving about 14 ft. of cylinder

beneath the dredged bed of the river. The cylinders were only

carried 2 ft. above low-water mark, and were then—in accordance

with a suggestion made by Mr. Bateman for the purpose of

saving expense— firmly re-filled with the sand and other materials

which had been excavated ; a plug of concrete, hoAvever, was first

lowered through the water in discharging boxes to the bottom of

the cylinder to give it a proper bearing, and to protect the rest of

the filling from any disturbing influence. In order to obtain a

better footing for the superstructure, a strong iron ledge or lintel

was laid from cylinder to cylinder over the bays left on the

river-side of the points of contact; on the land-side a narrower

lintel of stone was laid ; and, to secure greater strength, as well

as to receive the shock of heavy vessels, an iron girder Wcis

fixed across the centre of the cylinder from wall to v\all at right

angles to the line of the quay. On these foundations, namely, the

walls of the cylinders, the lintels, and the cross girders, an ordinary

retaining wall was built up, I 1 ft. thick at the base, hollow over

tlie spaces in the cylinders between the walls and the girders.
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The ' shoe,' or ' curb,' as it is also called, is the circular platform,

tapering downwards to a cutting edge, on which the brick well or

cylinder rests. The Indian shoe, frequently made of wood by the

natives, but generally of iron by British engineers, was the form

originally specified. It is a flat annular plate, at least equal to the

well in breadth and diameter, from which project downwards an

outer vertical iron shell, and an inner shell sloping towards the outer

one until they meet, thus enclosing a circular wedge-shaped space.

The objection to this shoe is that it wastes iron, and is cor-

respondingly expensive. It is likewise so blunt as to present con-

siderable resistance to sinking through firm and tenacious strata.

The Author accordinglydevised the shoo shown on Plate 7, Fig. 8.

It is a cylindrical iron shell, or short length of iron cylinder, about

4 ft. 6 in. deep, surmounted by an annular plate which is also

supported on radial brackets, or feather plates. The annular plate

was about 1 ft. G in. in breadth, and the bottom courses of brick-

work, wdiich were bolted to the plate, were corbelled until the full

breadth of the wall was attained. This shoe, besides being less

expensive, worked satisfactorily ; but from the experience obtained

at the Plantation Quay, the Author is of opinion that the amount of

iron might frequently be further reduced, in sinking through

soft ground, by dispensing with the slight advantage of a sharp

cutting edge. It is easy, for light soils, to mould a wedge-shaped

ring of concrete, which need be shod only at the edge ; nor would

it be a bold or hazardous undertaking to sink such a ring without

any sheathing at all, if the only obstruction to be encountered

was sand.

In India, it is the custom to plant the shoe ' in situ ' at the level

of the water, and to build on it, brick by brick, a length of

cylinder, which is then partially sunk ; the workmen next build

up a fresh length, brick by brick, and so building and sinking

go on alternately until the whole of the well has been sunk.

This process is simple, requires little plant, and when the number
of cylinders is small, or when they are isolated, or Avhen time is

no object, it might be adopted for brick cylinders. But as the

Clyde Trustees were desirous that the Plantation Quay should be

executed with the utmost despatch, the Author determined to

pursue the novel course of constructing the brick cylinders in

rings, in frames pla<ied on a j^latform near the line of the quay,

and then to put them together ' in situ ' after they had been allowed

to consolidate.

The general arrangements necessary to carry out this plan, with

a view to the most expeditious removal of shoes, cylinders, weights
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and apparatus, consisted in tlie erection in the line of the cylinders

of a gauntry of 50 ft. span, with a steam traveler sufficiently high

to allow light traveling platforms, carrying the excavating appa-

ratus, to pass underneath. Close at hand a wooden platform was
laid down, similar to those on which centres are made, with a low

gauntry carrying an overhead steam traveler. On this platform

the rings, or annular sections of brick cylinder, were moulded in

frames of suitable size, constructed of wood, in four sections, bolted

together. The woodwork consisted of two or three ribs, each of

three thicknesses of 1^-in, planking, formed to the circle, nailed

together, and lined with 1-in. boarding. They were shaped with

a recess on one side, and a projection on the other, to form the

tongue and groove already spoken of. Annular layers of wood of

the shape of the rings were fixed down to the platform, in order

that their outer edges might keep the frames in place ; while

their inner edges served as guides in shaping the eye of

the rings in building up the bricks. Four holes, 4^^ inches

square, were formed in the heart of each ring at equal intervals

by means of mandrils set in sockets in the platform, for the

purpose of cementing and jointing the rings together. When a

frame had been fixed in place, bricklayers proceeded to build up

the ring inside with bricks and Portland cement, using the cement

freely so as to produce a smooth coating on the outer surface

of the cylinder, to reduce the friction in sinking as much as

possible. Each ring consumed nearly 2,000 bricks : they were of

the ordinary instead of the radiated shape, which, had time per-

mitted, would have been preferred as efiecting a saving in cement.

The cement, with a view to strength and quick setting, was mixed

in the proportion of 1 of cement to 1 of sand. When the brick-

work had partially set, the screw bolts which secured the sections

of the frame together were unfastened, and the sections removed.

The ring was allowed to stand at least five days to consolidate

thoroughly, and it could then be moved either to be fixed in place,

or to be stored up for future use. It was 2 ft. 6 in. high, and

weighed between 9 tons and 10 tons. About 1,200 rings, or about

3,000 lineal feet of brick cylinder were manufactured in this way,

being about 8,000 cubic yards, or about 11,000 tons of brickwork.

Though only fourteen frames were used in moulding this mass,

they kept their shape to the last, and were otherwise perfectly

serviceable at the completion of the work. The removal of the

rings was effected by means of the small traveler commanding the

frame platform, which deposited them on a lorry ; the lorry ran

on rails uj) to the line of the cylinders where the large traveler
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placed tliem in position. An instrument was specially contrived

for lifting them (Plate 7, Figs. 9, 10, 11, and 12). It consists of a

three-armed frame, having levers jointed to the outer ends of the

arms, and connected by three chains to a hoisting chain : these con-

necting chains are of such length that when lifting force is applied,

the strain tends to draw in the upper ends of the levers and to

force out their lower ends. The lower ends are shaped to catch in

cavities formed for the purpose in the bottom edge of the eye of the

ring ; so that when the ring is being lifted, the strain acts as before

explained, and prevents the levers being loosened or displaced.

When the ring has been lowered, the chains are slackened, the

lower ends of the levers are drawn in, and the instrument is

removed.

To prepare for sinking, the first thing to be done was to plant

the shoe careftilly ' in situ,' and to build up the fii'st tier of brick-

work, which was bolted to the shoe (Fig. 8). This tier was
about 2 ft. 6 in. high, and was splayed out inside from the

breadth of the shoe until the full thickness of 2 ft. 4 in. was
attained. Rings were then added, and were cemented together and
to the bottom tier in the following manner : three thin jiieces of

boarding were placed at intervals on the lower Ijrickwork, and on

them the fresh ring was lowered and carefully adjusted ; the joint

was pointed all round outside and inside with cement mortar, and,

so soon as the pointing had set sufficiently, cement grout was
poured into the mandril holes, and well rammed doA\Ti with a

plunger so as to spread and thoroughly fill the spaces between the

rings. Bricks were also inserted down the mandril holes to act as

dowels between the rings, and prevent them moving on each

other.

The- sinking of the cylinders or columns thus constructed was
effected by means of the Milroy excavator (Fig. 8), a description

of which has already been read before the Institution.^ In order,

however, to render this Paper complete, it may be briefly de-

scribed as a horizontal frame of iron with an outside rim, to

which are hinged a number of heavy spades. These spades,

when drawn in, come together and form a tray. The various move-
ments are effected by means of two sets of chains attached to the

main or hoisting chain ; the first set are fastened to the rim of the

excavator, and, when looped up on a monkey hook, serve to lower

the machines through the water into the ground with the spades

open ; the second set are each fastened at one end to a spade and

1 Vide Minutea of Proceedings Inst. C.E., vol. xxviii., p. 339.
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at the other to the end of the hoisting chain. When the machine

has been lowered with the spades open, the monkey hook is dis-

engaged : when the engine begins to pnll in the hoisting chain, the

second set of chains being now the shorter, come into play, drag

in the spades through the ground, and raise the whole machine full

of earth to the landing-stage to be discharged. To keep the

excavator down while the spades are being drawn in, and also to

assist in forcing them into the ground, two chains, called holding-

down chains, one fastened to either side of the excavator, pass

under puUej^s bolted to the shoe, up to capstans fixed on the

landing-stage.

The only novelty in the use of the excavator at the Planta-

tion Quay consisted in the disposal of the small steam engine

and other apparatus for working it, as well as of the lorry for

receiving the earth discharged, on small traveling platforms

running under the great steam traveler. This arrangement

(Plate 7, Fig. 13), was of course special, but was justified

by the magnitude of the work, and the speed with which

it was desirable to carry it on. A steam pipe being laid along

the side of the staging, steam could be obtained at any point

:

so that, as soon as a cylinder was sunk as far as was 250ssible

at the time, the holding-down chains were thrown ofi", and the

platform at once moved out of the way, for the addition of fresh

rings to another cylinder, where the apparatus might be in full

operation again in a short time. Another novelty was the pro-

vision made for taking power from the engine to wind or unwind

the holding-down chains, which had formerly been worked en-

tirely by hand. When the spades were in the ground, the at-

tendants threw their weight on the capstans, and held on tmtil

they felt that the excavator was rising ; at other times, by

means of the handles, they could bring in the aid of the engine

to wind in the chains by throwing the drums into gear.

The ground through which the cylinders were sunk differed

materially from what had been expected. The borings dis-

closed nothing but sand; but, having been directed rather

aside from the line of the cylinders, they failed to show other

obstacles which seriously retarded the process of sinking. The

first three cylinders were impeded by old piles and fenders

connected with the coffer-dam for the adjoining quay, and by tie-

rods, which had to be cut by a diver ; about a dozen cylinders in

the centre of the line encountered a bed of rotten sandstone from

2 ft. to 7 ft. thick, which, fortunately, dipped until it entirely disap-

peared ; whinstone and freestone boulders were frequently met with,
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and a nest of these troublesome hindrances had to be brought up in

sinking the last ten cylinders. The whole of the sinking, however,

was effected by means of the excavator, though many of the boul-

ders were of large size, measuring about 3 ft. by 2 ft. 6 in. To
raise these obstacles is an operation plainly within the range

of its capabilities—the spades seizing any object which they can

embrace, or which is rugged enough to afford them sufiicieiit hold.

Freestone boulders, being more rugged and friable than whinstone,

were more readily grasped. It sometimes happened that the

boulder lay in such a position that a spade coming down on it

prevented the others from acting; when this became apparent, one

or two spades were removed, and thus, after a few attempts, it was
always caught in the intermediate space and brought up. The
excavator also gnawed its way through the stratum of rock already

mentioned.

The difficulty of sinking was materially increased, not only by
the close proximity of the cylinders, but also probably by the

tongue and groove, the cylinders being thus so interlocked that the

slightest divergence from the perpendicular retarded the sinking.

Such divergence was unavoidable, as the excavation in one cylinder

affected its neighbouis to an appreciable extent. Notwithstanding

these drawbacks, the whole of the one hundred cylinders were sunk
between the month of August, 1870, and January, 1872, or in about

seventeen months. But fi'om that period a large deduction should

be made for those occasions on which the sinking was, from various

causes, wholly or partially suspended. The rate of sinking was very
variable : there were dnjs when, with three excavators, as much as

40 ft. were sunk in ten hours; there were also days excc'iitionally

bad, when only 6 ft. were recorded. A fair average per cylinder

would be about 4 ft. per day ; had the cylinders been isolated, the

average rate w^ould have been at least doubled.

The causes already explained rendered heavy weighting neces-

sary. Farther up the river, the Author had sunk isolated iron

cylinders 80 ft. through sand, with a load amounting to 2 cwt.

per superficial foot of lateral friction. Had the brick wells

also been isolated, and had the bed of the river consisted solely

of sand, it was calculated that, with the aid perhaps of spare

brick rings, they would have required little or no assistance

fi'om loading. I'nder the circumstances, however, a load of 7 cwt.

per superficial foot' of lateral friction was really required ; and
to provide for this load, 900 tons of cast-iron weights were kept

on the ground. The item of weight was thus a very serious one,

entailing an outlay of about £20 per cylinder. For the sake of

[1872-73. N.S.] o
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the advantages gained in loading and unloading, as well as in

excavating, tlie Author again resorted to the sj^stem of casting

the weights in a form suited to the cylinders. It was not possible

to pack them inside, as was done in the iron cylinders of the

Clyde Bridge. They were accordingly cast in circular rings of

the same diameter and breadth as the brick wells (Plate 7, Fig.

1 3, A.) They were limited to a thickness of 5 in., that they might

afterwards be the more easily broken up. They weighed about

5 tons each, and thus a heavy load could be piled up on the

brickwork in a small space, and at the same time there was no

risk of the load tilting the cylinder by unequal distribution, as

is often the case when rails or pig iron are used. Further, they in

no way interfered with the working of the excavating apparatus,

and could quickly and easily be moved from cylinder to cylinder.

These advantages were not too dearly bought by the outlay in

special casting, at least in the opinion of the Author, who has

always been strongly impressed by the expediency of such arrange-

ments as will distribute the weight equally, and admit of its re-

maining on the cylinder, during the course of the sinking, in so

heavy a mass as to force the cylinder in its descent to keep pace

with the progress of the excavation.

The weighting was effected in the following manner. After the

shoe had been pitched and made ready, as many brick rings were

added as could conveniently be placed under the excavating plat-

form ; and in most instances these, generally 8 in number, and

weighing, together with the shoe, about 85 tons, were sunk as far

as possible by their own weight; there was then sufficient room

to add all the rest of the brick rings, the weight of which was

supplemented by as many iron rings as might be required. The

rate of sinking diminished as the cylinder descended, owing

probably to accumulations of sand in the grooves, and to the

fact that any slight divergence of the cylinders from the per-

pendicular told more decidedly at the greater depth. Notwith-

standing an immense load, a cylinder also sometimes ' hung up

'

without any obvious cause, and then suddenly went away ' with a

run,' occasionally breaking a holding-down chain, and burying the

shoe in the sand. On six or eigiit such occasions a diver was

brought from a neighbouring work to replace a chain ; but if one

of the pulleys bolted to the shoe was broken, a pulley lowered

between two leaders was easily substituted. In sinking the last

few feet the usual load was 62 iron rings, or about 310 tons,

which, with the weight of the shoe and brickwork— 120 tons—
made 430 tons as the load necof-sary to overcome lateral and
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vertical friction. When the resistance was very great, owing to

the presence of rock or other obstacles, the load of iron sometimes

reached 370 tons.

Such was the system pursued in making and sinking the

cylinders of the Plantation Quay. The question may he asked,

" Why incur the extra expense of the platform, frames, and

traveler involved in this system, when the old plan of build-

ing the wells brick by brick ' in situ ' would have been more

simple and equally efficient ?" In reply, some minor advantages

may first be mentioned. The use of frames secures straightness

and exact uniformity of size, a reduction of the external friction by

a smooth surface, and an avoidance of the confusion which would

be occasioned in the line of the cylinders by the constant presence

of scaffolding and materials, and of bricklayers and other workmen.

The chief advantage, however, in having a number of cylinders

ready made, is the decided increase in the rate of speed at which

such a work as a quay wall can be executed. Construction ' in

situ ' involves the periodical suspension of sinking operations for

a considerable time, generally some days, while a length of fresh

cylinder is added brick by brick, and allowed to consolidate

;

whereas, on the Author's system, an equal length in rings can be

put together in about a day, and, as the brickwork is already

thoroughly set, sinking may be resumed the following morning

with perfect safety. In short, brick cylinders in rings can compete

with iron cylinders in respect of the ease and speed with which

they can be put together. But it may be objected that a consider-

able number of cylinders might be kept in hand at once, some

being sunk and more being built up. Such a plan is, of course,

perfectly feasible if they are isolated ; but it was found to be

dangerous in the case of a large number of cylinders in line in

close proximity ; for, as has already been pointed out, the excava-

tion in a cylinder has a tendency to throw the neighbouring cylin-

ders out of the perpendicular. They are in this way liable to

become so jammed as to be altogether immovable, or, at least, to

require a crushing weight to effect their descent. Accordingly,

the course finally preferred at the Plantation Quay was to work
steadily ahead with only three cylinders at a time, and also, using

three excavators, to carry on the excavation and sinking in all

three equally and simultaneously.

Before leaving the subject of brick cylinders, another illustration

may be given of their application to overcome a difficulty. In the

construction of the Glasgow (City) Union Eailway, it was neces-

sary to pass under the Glasgow and Paisley Joint Line at a point

o 2



196 CYLINDRICAL FOUNDATIONS.

where the traffic was constant and heavy. The groi;nd through

which the cutting had to be made was of the most treacherous

description, consisting of a bed of nearly liquid mud, underlying a

station, a bridge, and the junction of two lines. For the temporary

support of the joint line, strong longitudinal timbers were laid

under the rails and sleepers, but, though carefully suj)ported, they

required constant attention and wedging during the progress of the

work. The top soil was easily removed ; but it appeared so

dangerous and difficult to cut into the mud and put in the founda-

tions of the bridge and retaining walls, that the Author, with the

sanction of Mr. J. F. Blair, M. Inst. C.E., the Company's Engineer,

resolved to use brick cylinders. They were 9 ft. in diameter, and

rested on a shoe, which consisted simply of a shell of ordinary

sheet iron, ^-in. thick, with a set of brackets riveted inside more

than half way up. On these was placed a wooden curb, and on it,

owing to the want of room and the small extent of the work,

a well was by preference built up brick by brick ; it was splayed

out to the utmost, so as to secure as much weight as possible, only

a man-hole being left, through which the workmen descended,

and the excavation was removed. As there was little head-room

under the temporary bridge, the weighting there proved a diffi-

culty until the agent on that part of the work thought of wedging

the cylinder under the beams which carried the rails above. As
trains passed very frequently, and their weight and vibration sent

down the cylinder a little each time, by constantly tightening

the wedges, the cylinders were easily sunk. Twelve cylinders

were sunk in this manner, six on each side, for the bridge

walls, and eighteen for the retaining walls, all to the depth

of 15 ft., or 4 ft. below formation. They were then filled, shoe

and all, with concrete, and on this foundation brick arches were

turned from centre to centre to provide a proper footing for the

superstructure. By this simple use of cylinders a work was accom-

plished safely and economically which, owing to the great compli-

cation of lines, bridges, and station at that point, might have

proved very expensive and dangerous.

Of concrete cylinders, or wells of gravel or broken stone

mixed with Portland cement, some remarks may now be offered.

In practical construction they differ from brick wells only in this,

that they must be made in frames or moulds, whether ' in situ

'

or on a platform, and that an internal as well as an external frame

must be used. Construction on a platform is preferable, for the

reasons stated, because ' iif situ ' not only would the frames be
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in the way of other cylinders, but it is more difificult to keep
them perfectly upright. In choosing between brick and concrete,

the question is chiefly one of expense. When the Plantation Quay
was started, brick cylinders were the cheaper; but now, they

have become dearer, as the price of bricks on the Clyde has
been nearly doubled. Accordingly concrete cylinders have been
adopted by the engineers of the Clyde Trust for the Stobcross
Dock and other works now in course of execution. When their

relative cost is equal, concrete is perhaps to be preferred, as brick-

layers, an expensive and troublesome class of workmen, can be
dispensed with. The process is so simple that it can be carried on,

under proper surveillance, with unskilled labour. When the con-
crete has been mixed by hand, or in a mixer, it is discharged into

the frame, care being taken to ram it well down, so that it may be
properly consolidated ; the conditions attending their construction
are otherwise much the same as in the case of brick. The lowest,

or wedge-shaped ring, however, can be much more easily formed
of concrete in a wedge-shaped frame ; and if it is desirable that it

should be shod, an edge or sheathing can be inserted in the frame
where it is incorporated with the concrete.

In connection with concrete cylinders, mention may be made of
the application, by Mr. J. W. Butler, Assoc. Inst. C.E., of Eansome's
artificial stone, called ' apoenite,' on the same system as that em-
ployed by the Author. ' Apoenite ' is a composition capable of being
moulded with the greatest nicety and beauty, and, on becomino-
thoroughly indurated, of resisting extraordinary pressure. Mr.
Butler conceived the idea that this substance was admirably
adapted for the construction of cylinders ; and accordingly, under
an arrangement with Mr. Eansome, in 1871, made and sank at the
Hermitage Wharf, on the Thames, some experimental cylinders with
complete success. They were 8 ft. diameter, and 9 in. thick. The
courses or rings were moulded in frames, and were cemented
together with the mixture of which they were composed. These
cylinders take a very smooth surface, and, owing to the strength
of the composition, may be moulded with thinner walls than
perhaps would be adopted in the case of brick and concrete.

From these illustrations it will be evident that by the use of
frames or moulds, not only may the old brick well be constructed
more quickly and satisfactorily, and concrete and other materials
made available for cylindrical foundations, but every variety of
form may be produced suited to every variety of construction and
of situation. A further extension of the system is suggested by the
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difficulty experienced in sinking loose cylinders in lines or groups.

This difficulty is to a great extent overcome :

—

1. By forming combinations of cylinders, incorporated with or

moulded into each other, and sinking them together.

2. By so shaping them that a number of combinations can,

if necessary, be tied into each other in a simple and efficient

manner after they are sunk.

Contiguous cylinders, when constructed at the same time,

either brick by brick or in rings, may be very easily united

by forming a band of concrete or brickwork to tie them to-

gether at the points of contact throughout their entire length.

But a much more satisfactory combination may be produced,

either with or without frames, by incorporating two, three, or

more cylinders, so that their contours overlap each other, as

shown in the illustrations given (Plate 7, Figs. 2 to 7). The
frame or mould for such an arrangement may be made as large

as the intended combination, with cores or inner frames for

the eyes of the cells. If a tier, or course, is thus constructed on

a platform, and is too heavy for the traveler to lift as a whole,

dividing boards are inserted in the frame so as to cut up the mass

into sections, which are cemented together in place ; the position

of the dividing boards should be shifted at every course, so as to

' break joint.' In devising a shoe for such a combination it must

be observed that in general only the contour of the figure formed by

the combination need be shod ; the central mass requires no shoe,

but at its lower part ought to be higher than the outer walls, so

that the cylinders become, in fact, in the region of the shoe, a

single chamber.

This system of monolithic combinations may be applied for

the foundations of quay and river walls, of docks and forts, of

piers and abutments, or wherever a number of cylinders are to

be sunk together to support weight or resist pressure. The

illustrations given are confined to quay walls, and to the circular

form, which combines the utmost strength with the greatest

economy of material. Fig. 2 shows a line of cylinders in com-

binations of four, with a vertical half-cylinder sunk behind the

points of contact and filled with concrete. Fig. 3 shows the

«ame combination with an entire cylinder sunk behind the points

of contact, and the intervening space excavated and filled with

concrete. The object of the back cylinder is to protect the ground

behind from disturbance by closing the joint, and also, by tying

back the superstructure, to strengthen the wall by a partial counter-

fort. To facilitate the excavation of the enclosed space, angle irons
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may be driven down at the corners as the excavation proceeds to

keep out the surrounding earth, and can be gradually withdrawn as

the concrete which is lowered in discharging boxes, rises. Figs. 2

and 3 are shown merely as efficient arrangements which do not in-

volve great expense ; Figs. 4 and 5 exhibit the eifects of combination

to the greatest advantage. Fig. 4 is a line of single cylinders in

combinations of four in front, strengtherffed by double counter-forts

at the joints, so that altogether each combination comprises six

cylinders ; Fig. 5 shows two lines of cylinders in combinations of

four for a stronger and broader wall. Besides the avoidance of

the jamming of loose cylinders, the advantages of both these

arrangements are :

—

1. The provision made in the space between the combinations

not only for closing the joint thoroughly by filling it with con-

crete, but for rendering that part of the wall as strong as any

other.

2. The great increase of strength communicated to the founda-

tion, especially in the way of resisting lateral pressure, both by the

combining of the cylinders and by the thorough interlocking of

the combinations.

3. The avoidance of the necessity for close sinking of the combi-

nations, which—to diminish friction and to prevent jamming—may
even be placed a few inches apart, provision having been made in

the concreted space for afterwards closing the joint.

4. A considerable saving of expense.

The principle of combination illustrated was submitted by the

Author to the Clyde Trustees, who adopted it, and their plans

were modified accordingl3^ They have, however, preferred for

the new works now in course of execution, the combinations

shown on Figs. 6 and 7. In these the advantages of the system

are to some extent sacrificed ; for instance, in Fig. 7, not only is

there no cohesion among the combinations, but the security of

the unclosed skew-joint depends on the close contact of the

cylinders, and thus the difficulties arising from friction and
jamming are intensified rather than removed.

In conclusion, the Author will briefly point out the advantages

which non-metallic cylinders possess in comparison with iron.

That they are applicable to works in this country, and have

fallen into unmerited neglect, will probably not be disputed. By
proper selection of a shoe suited to the strata to be penetrated,

the entering part being made sharper and longer in proportion to

the density of the ground, they can be sunk with the same ease
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as iron cylinders. The first expense also, at present prices, is

from 50 per cent, to 75 per cent, in their favour, with this

important difference : an iron cylinder is after all nothing hut a
skin to which a weight-bearing body or lining must be given

;

whereas brick and concrete wells, of the usual thickness, are them-
selves capable of sustaining considerable pressure. When the

weight of the supers tructflre is not so great as to render a cemented
filling throughout advisable, an excellent foundation may be ob-

tained by lowering a plug of concrete so as to close the bottom,

and then filling the well with sand, gravel, or any other suitable

material that may be at hand. In short, iron cylinders, besides

being dearer in themselves, must, when sunk, receive at least a

lining of brickwork or concrete, which, it is evident, can itself be

sunk without the costly addition of the metallic skin. These
advantages, representing both efficiency and economy, entitle

columnar foundations of brick and concrete to more favour in

this country than they have hitherto received.

The Paper is illustrated by a series of drawings and diagrams,

from which Plate 7 has been compiled.

[Mr. J. F. Bateman, F.R.S.,
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Mr. J. F. Bateman, F.E.S., said the Paper clearly and ably de-

scribed the mode of construction adopted in the formation of the

Plantation Quay, by the side of the River Clyde, opposite the

Broomielaw. As he was the person principally responsible for

the introduction of that form of construction he would explain the

reasons which had led to its adoption.

For some twenty years before he became officially connected

with the Clyde Trustees, there had been docks intended and laid

out, and one or two Acts of Parliament were obtained for docks at

Stobcross, on the opposite side of the river to that on which the

Plantation Quay had been constructed. In co-operation with

Mr. J. Deas, M. Inst. C.E., the resident engineer of the Clyde trust,

he had laid out works of construction upon this area, including

some 4,000 yards of quay wall, besides those for the excavation of

tidal basins, called docks. No information existed as to the

character of the ground. He knew, from borings in the Clyde,

taken with reference to the removal of the old weir above

Hutchesontown Bridge, that .the bed of the river at that spot

consisted of a quicksand 80 ft. deep, of which 30 ft. or 40 ft. had
been cleared out by the water falling over the weir. He knew
also, by borings taken two years before for the selection of the

best place for the construction of graving docks, that lower down
the Clyde the ground was a mixture of silt and mud, and sand.

He was therefore apprehensive that the ground, in which the

Stobcross docks had to be constructed, would consist of the same
material, and cause great trouble. It was therefore determined

that Mr. Deas should make borings of the whole of the area,

Avhich he did, and, when that was done, they met to consider how
the work was to be constructed. Mr. Bateman found, as he expected,

that the whole area of the ground in which they had to work con-

sisted of various qualities of sand, from coarse to fine—but all quick

and water-bearing—with occasional masses of mud and silt, to a

depth varying from 25 ft. to 67 ft. below low water. Ordinary

modes of construction in such ground were out of the question. To
form coffer-dams, within which to build walls, on a quicksand 80 ft.

•in depth, would probably have failed, and would have been a

tedious and expensive work. He then, so far from thinking the

ground which they had to deal with was an obstacle to the work,

considered it might be turned to advantage ; and his first thought

was to adopt iron cylinders. But iron cylinders for the purpose of

forming quay walls which were to support the ground beyond,

especiall}' when that ground was running sand, was a different

construction to isolated iron cylinders within a river way, for the
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purpose of supporting a bridge. Therefore it was necessary to

consider how the cylinders could be combined so as to make a

continuous wall. He found that for that purpose iron cylinders

would be inadmissible, on account of the cost. He then thought

of the old Indian system of sinking wells, and whether that

principle could be successfully applied under the circumstances

they had to deal with. He mentioned this to Mr. Deas, and

suggested that Mr. Milroy, who had been employed in sinking

iron cylinders for carrying a bridge on the Clyde, ^ imme-
diately above this work, and who had successfully performed

that operation by means of the excavator which bears his name,

should be consulted, and that gentleman fell in at once with the

idea, and spontaneously suggested that brick wells should be used

instead of iron cylinders. It was in that way, probably, that

Mr. Milro}^ claimed the merit of suggesting the construction. The
result was a general consultation between Mr. Deas, Mr. Milroy, and

himself, as to the best mode of performing the operation. Being

an experimental work, which would altogether cost some £70,000,

there was some probability of a difficulty in inducing the Clyde

Trustees to carry out an experiment on so large a scale, but,

fortunately for engineering science, they adopted the suggestion.

It was desirable to reduce the cost of the experiment to the

smallest limit ; and as brick cylinders of large diameter, to be

united as a continuous wall, had never previously been con-

structed, they determined—and, he must say, with some little

hesitation as to the result—to adopt cylinders of 12 ft. diameter.

The fii-st idea was, to join the cylinders together by leaving

hollow grooves on each side, in which to insert a wooden plug,

in the same manner as the iron cylinders of the coffer-dams of

the Thames Embankment below Westminster Bridge were united.

That idea gave way for the adoption of an iron tongue fixed

in one cylinder, to be slid down a groove in the other, the

object of the tongue being to prevent the possibility of the

fine, quick or running sand passing through any openings

which might exist between one cylinder and another ; and that

this difficulty, which it was apprehended might exist, should

not cause the failure of the experiment. That junction was after-

wards altered to a brick tongue, 16 in. long and 4 in. deep,

fitting in a groove of corresponding dimensions in the adjoining

cylinder. A little hoop-iron was placed in front of the tongue to

reduce rubbing-contact. The cylinders were put down one after

' Vide Minutes of Proceedings Inst. C.E., vol. xxviii., p. 339.
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the other, and where no great haste was adopted there was no

material difficulty in carrying them down properly and regularly
;

hut many sank unequally in consequence of heing unequally

weighted.

There were, however, only 2 or 3 out of the 100 cylinders which

were not got down to the depth intended, namely, 20 ft. below

low water. The depth of water at low water was 20 ft., and the

rise of a spring-tide 9 ft. The height of the quay wall above

high water was 9 ft., which would make a total height of 38 ft.

from the bottom of the river, when it was excavated or dredged

to the depth intended, to the top of the quay wall—60 feet was

nominally the depth to which the cylinders were to be sunk. The

average depth to which they were sunk was only 52 ft. or 53 ft.

;

and when it was considered that many of these cylinders carried

7 tons to the square foot, before they were sunk to the final depth,

upon the ring, 2 ft. 4 in. broad, and that the internal space of

7 ft. 4 in. diameter was afterwards plugged up wdth concrete, so

as to become united with the adjacent ring, capable also of carrying

an additional weight, there was no great fear of cylinders so united

sinking with any possible weight that could be brought upon

them. Therefore, if the question of bearing only were to be con-

sidered, the depth to which the cylinders were sunk might have

been reduced : but the peculiar character of the soil had also to

be considered. Had the depth been shallower, then the weight

of the semi-fluid sand behind might have blown up under the

cjdinder, and let the quay wall down. It was necessary, having

reference to that contingency, that the cylinders should be sunk

to a considerable depth.

The work was extremely well arranged by Mr. Milroy, who was

associated with Mr. Brassey as contractor for the works. There

was no lack of energy, capital, or plant. It must be remembered

that the iron rings, employed as weights to sink the cylinders, alone

cost £4,000 or £5,000, in addition to the other plant necessary for

the execution of the work, the gross value 'of which was about

£70,000. This showed the energy and enterprise of the con-

tractors ; and everything was done which skill and ample means

could accomplish.

The work commenced in August, 1869, and was completed, as

to the cylinders, in January, 1871 ;
giving about 16 months, or

1 7 months, as the time in which the whole length of 400 yards was

executed. The cost of the wall, completed, was about £113 per

lineal yard ; and that, when compared with the cost of any other

possible wall, was a cheap construction, though perhaps not much
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cheaper than an ordinary quay wall in favourable ground. It was a

perfectly safe wall ; and the only danger, which he from the first

apprehended, was that of the sand blowing from behind. It so

happened, just as the cylinders were nearly completed, that that

danger not only showed itself, but was at one moment a source of

anxiety. When four-fifths of the whole of the cylinders were

done, he—being in Glasgow at the time—saw a dredger at work

in front of the cylinders. The dredger was excavating the sand

in front of the wall to the required depth of 20 ft. It seemed

there were some old piles left in the river, which the men employed

were anxious to get out, and, thinking that the wall was strong

enough to bear anything, they dredged to 27 ft., and sent down
divers to attach chains to lug out the piles, like pulling out the

teeth of a man ; in doing which they heard a rushing noise as of

falling water, but no other apparent result. Next morning a slight

bulge, or variation from a straight line, of about 1^ in. was ob-

served in the wall. On being informed of the occurrence, he con-

cluded that the noise which had been heard was a blow of sand.

It was found that the depth, which had been 23 ft., or 24 ft.

the day before, was only 17 ft. the next morning, showing un-

doubtedly that the sand had blown, in the way which he appre-

hended from the first might possibly occur, and which was the only

danger in the construction of the work. The damage, however, was

so extremely slight that it in no way impaired the works. It was

necessary to guard against this mischief in future ; and it was done

by constructing very heavy blocks of concrete and brick on the other

side of the wharf, 60 ft. or 70 ft. off, and then running tie-rods from

the blocks to the front of the cylinders, between every other

cylinder. The weight of the blocks was some 3 tons or 4 tons,

which added to the expense of the wall £3 or £4 per lineal yard,

but that was not a very great addition. He believed the wall so

constructed was almost the cheapest form of cylinder construction

that could be executed. It was perfectly successful. The sheds

had been erected on tt, and had been in use eight months or ten

months. He had always urged that concrete should be used,

believing it was cheaper and better for the purpose than bricks,

but Mr. Milroy preferred to use bricks in cement. Mr. Bateman

had previously had considerable experience in building sea walls

in concrete, composed of Portland cement, and beach shingle, the

cost of which was about 1 2s. per cubic yard. In the case of the

harbour works at Dublin, as to which he was consulted by the

Ballast Board, Mr. Stoney, M. Inst. C.E., built blocks of 350 tons,

with a granite ashlar facing, in Portland cement concrete, at a total
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cost of IGs. 6d. per cubic yard. Mr, Bateman having that ex-

perience present to his mind, was anxious to have concrete in pre-

ference to bricks. Mr. Milroy, although he preferred brick at that

time, now appeared to consider that concrete in Portland cement

was the best material for this construction.

After the completion of a portion of the work, the necessity arose

for considering how the remainder should be carried out ; there

being 4,000 yards more of quay wall to construct in similar

ground. The slight accident that occurred was of value, showing

the danger they had to guard against ; and a minute account was

kept of every occurrence that could possibly bear upon the subject,

and every detail of the work was as well known to those who
superintended it, as it was to the contractor himself. A variety of

suggestions were made as to the best form of construction for the

remainder of the work ; Mr. Milroy considered that 2, 3, or 4

cylinders might be sunk together, of the diameter of 12 ft. each,

the spaces between being filled with concrete to prevent the sand

blowing a passage through ; and his favourite plan, to which he

still adhered, was that shown in Figs. 4 and 5, the latter espe-

cially, in which four cylinders, forming a square, were to be sunk

together, and the intermediate space between that group and the

next gi'oup of four cylinders plugged up with concrete. There

would have been some difficulty in extracting the sand in this

space, and in filling the space or pocket with concrete to the depth

necessary to prevent its further passage. Mr. Bateman might men-

tion that on two or three occasions, where the cylinders were nearly

down to full depth, the sand suddenly rushed up from the bottom,

flowing out of the top of the cylinder. There would have been the

same danger again that the sand would have blown from the inside

to the outside, from the probable difficulty of completely filling the

intermediate space with concrete. Mr. Deas turned his attention

to every detail, for the purpose of preventing the passage of

sand in this particular way, or under the cylinders, or through

the joints. The plan finally determined upon, and on which
fresh contracts had been made for the remaining portion of the

• work, was that shown in Fig. 7 ; namely, in groups of three

cylinders : two in front and one behind ; and one in front and
two behind, alternately. The small spaces in the middle were
the only places where any sand could accumulate between cy-

linder and cylinder; and the sand passing from behind to the

front must pass from behind through a joint to the first small

space, and from thence through a second joint to the other

small space, and then through a third joint. It thus had thiee
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joints to pass through, and two of those intermediate small spaces

or pockets, all of which might be filled either with wooden plugs

or iron piles, after the sand was withdrawn. Although Mr.

Milroy deprecated the plan which had been adopted, as incurring a

greater amount of friction during the operation of sinking than

would be incurred by the sinking of four cylinders together, it

must be remembered that by sinking three cylinders instead of

four, the work would probably be more easily accomplished. The
only diiference was the increased rubbing surface on the groups of

three cylinders alternately, which for some distance would be not

touching only, but in pretty close contact, for the sides had to be

cut off for some distance, in order to make the groups fit in properly.

This plan was still in course of trial. If the work was accom-

plished in the way in which it was designed, it would be a more

solid construction than if groups of four cylinders had been em-

ployed, inasmuch as it would more effectually prevent the passage

of sand. It also gave a broad base of nearly 18 ft. for the subse-

quent erection of the superstructure of the wall, which would be

built in the ordinary way of ashlar face and rubble stone backing.

This plan, he believed, would be carried out with tolerable facility.

He would conclude with one word of caution. This construction of

wall was not suited to any ground which was not mud or sand ; in

stiff" ground it would be of no use ; nor was it a suitable con-

struction for rough gravel with boulders ; but in quicksand, or soft

mud, he believed it was the most suitable and economical con-

struction that could be adopted.

Mr. C, B. Lane could not concur in the opinion that brick cylin-

ders were only suitable for foundations in sand or mud. It

appeared to him that the system was applicable to other engi-

neering constructions where large vertical cylindrical spaces were

required below the surface of the ground. It was nearly fifty years

ago since the sinking of brick cylinders was adopted in England

on a scale, perhaps, the largest ever known in the world. He
alluded to the brick cylinders which had been sunk by Sir Isam-

bard Brunei, in the year 1823, on the opposite sides of the river,

preparatory to the construction of the Thames Tunnel. The
Author deserved the thanks of the Institution for bringing before

it a record of successful application of the system to the peculiar

conditions involved in the construction of the Plantation Quay.

Mr. W. Crouch said, the point brought forward as one of

novelty in this application was the building of the cylinders in

rings, and so applying them that they could be more convenientl}^

used than upon the old plan of building them up gradually
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as they sank down. He noticed this while the Plantation Qiiay

was in progress, and was satisfied that the method adopted

possessed considerable advantages over the old plan in rapidity

of constrnction.

As regarded the arrangement of the cylinders, he considered

that indicated by Figs. 4 and 5 to be superior to that shown
by Figs. 6 and 7. In sinking, it was not easy to get the cylinders

qnite uniform or in close contact ; and the difficulty in the case of

the Clyde was that the sand and other fine materials were apt to

find their way through any small apertures at the junction of the

cylinders. Figs. 4 and 5 appeared to have this advantage, that

the spaces left by those arrangements of the points of contact of

the groups of cylinders could be cleaned out, after the sinking-

was completed, and filled in with concrete, which would have the

effect of preventing any run of sand or other fine material between

them from the back of the wall. He had the opportunity of seeing

Mr. Milroy's apparatus at work, and he regarded it as the most
effectual way of sinking cylinders, in sand and light soils where
water was met with, that he had hitherto witnessed.

Mr. A. M. Eendkl said that he was the Engineer to the works at

Hermitage Wharf, which had been alluded to in the Paper. He
reported to his directors that iron was not the best material for

the cylinders, and that brick should be used instead. He was
glad to find that Mr. Milroy was now in favour of brick, but at

that time he was very strongly in favour of iron.

Mr. Eedman said, the Paper was to a certain extent deficient

in illustrative diagrams. If the Author had given a cross-section

of the Eiver Clyde where this important work was situated,

showing the foreshore behind the work to the natural surface

of the ground, there would have been data to form some opinion as

to the conditions under which the quay had been constructed. At
present the diagrams only showed the appliances for sinking the

cylinders.

There was another item of information which the Author had
not given, that was the absolute weight uj^on the cylinders. He
should assume that the weight per superficial foot of the cylinders

themselves, and the structuj-e standing upon them—excluding the

internal diameter because it was filled with sand—was from 2 tons

to 3 tons per foot superficial. That was not a great weight upon
such foundations. Having had experience in similar work, he was
under the impression that where the cylinders could be carried

down to a harder stratum below, a modification of this plan might
be adopted ; and that keeping an intervening space between the
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cylinders, and closing the front spaces next to the river with sheet

piles, the same object of an extended base area might be obtained

at comparatively less cost, and the labour of sinking the cylinders

would be materially reduced.

The Author stated that the greatest weight required to sink one

of the cylinders was 300 tons, and that the frictional resistance was
7 cwt. per square foot of surface. Taking the height of the cylinder

by the circumferential surface, the frictional resistance amounted

to 3 tons per foot superficial ; but that was not due solely to the

frictional resistance of the material through which the cylinder

was sunk, but to the system adopted of locking the cylinders

together as described in the Paper. It would have been interesting

to have known what was the resistance of one of these cylinders

sunk fairly through the silt. In the case of the wharf described, the

resistance ' in situ ' afforded by the material in which the cylinders

were buried, was due to the front and back surfaces of the block of

cylinders alone. In the case of a large cylinder, such as a cylinder

supporting the column of a bridge, it was difficult to estimate the

absolute weight on the area of the pier, on account of the frictional

resistance which acted in supporting the load.

The cast-iron shoe described in the Paper had been adopted

successfully in London in sinking artesian wells, and also through

the alluvial soil of the valley of the Thames.^ No better adjunct

to the work could be selected ; it gave weight to the cutting

edge. But it was questionable whether an instrument of this

kind was well adapted for sinking cylinders through an almost

semi-fluid mass. However much it might assist the cylinder in

sinking, it must be, when the work was finished, a dead weight on

the cylinder, and to a certain extent reduce its area. In the event

of a settlement in such a material, it would aid, rather than retard,

such a tendency.

The shafts sunk by the elder Brunei for the Thames Tunnel

were 60 ft. diameter.

' Reference may be made to a oast-iron curb which was used by Messrs. Walker

and Burgess for sinking a well at Woolwich Dockyard in October, 1839. It was

7 ft. diameter and 1 ft. 6 in. deep, with a rebate outside for planks, and inner

bracketted diaphragm for the support of the brickwork of the well. Its weight

was 3| tons. Mr. Townseud, who had charge of the works at Woolwich,

writes :

—

" Devonport, February 16th, 1873.

" The curb, when in place, after a few feet of the upper surface had been

removed, was simk simply by excavating within its circumference. Tlie brick-

work on its ledge adding to the downward tendency."

J. B. R.
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Mr. Frederick Eassome said there were circumstances under

which iron was the hest material for foundation cylinders. It

was a well-known and well-tried material, and was to a certain

extent in popular favour; but there were other circumstances

wherein iron might not be considered so expedient as brick or

' apoenite.' In many cases where foundation cylinders were
proposed to be sunk, there was a certain amount of debris to be

removed. This could be used in the construction of ' apoenite

'

cjdinders. In estimating the comparative cost much depended
upon the facility with which the material was produced and
brought to the works ; but, all conditions being equal, he

ventured to say that the balance was in favour of such a material

as ' apoenite,' the more particularly as that substance coiild be pro-

duced on the spot, lowered into position, and remain there as a

permanent part of the structure. In most instances where iron

cylinders were used they were to a great extent regarded merely

as the shell of that which they were permanently to contain, and
when the iron gave way the stone or concrete would remain.
' Apoenite ' was employed for the cylinders sunk under the direc-

tion of Mr. Eendel at Hermitage Wharf; and although in some

cases the ' apoenite ' cylinders at the time they were sunk were only

three days old, the work had been carried out most successfully.
.

The tests of strength of the material and its power to resist crushing-

weight showed that, at the age of a month or six weeks, it would

sustain a pressure of 4 tons to 5 tons per superficial inch.

Mr. Imrie Bell, through the Secretary, said he considered

the increasing use of brick and concrete cylinders for founda-

tions would be attended with a saving of time and expense.

He had previously, in 1869, shown that it was a system of

construction specially applicable for quay walls, aprons to graving

and wet docks, and for engine-seats.^ While approving of

Mr. Milroy's plan of building the brickwork rings, and of

fixing them in position, he thought the dimensions of the wells

were insufiicient for the great height of the superstructure of

quay wall, which was 38 ft. above the level of the dredged

channel. It would be well that the Author should state whether

the counterforts and iron tie-rods, by which the quay wall was

strengthened, were included in the original design, or if they

were found necessary afterwards to prevent the wall from bulging ?

He considered it might be preferable to construct the cylinders of

different diameters, according to the depth required to be dredged

1 Vide Minutes of ProceediDgs Inst. C.K., vol. xxviii., p. 338.

[1872-73. N.S.]
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in front of the wall. It would be easy to arrange for a well or

cylinder 15 ft. or 20 ft. diameter for the lower portion, decreasing

towards the upper portion, and carrying out the form at the

points of contact to suit the square tongue and recess (Fig. 1), so

as to bind the whole into one u*niform mass or wall. It was also

desirable that the Author should place on record the several costs

of the cylinders in brickwork and in concrete, together with the

proportions of cement in the mortar o;f the one, and of concrete

in the other. Also the cost per foot on an average in sinking, as

distinguished from the total cost of sinking the one hundred

cylinders. It was only from an average of the total cost of sink-

ing all the cylinders that reliable data could be determined for

works of such magnitude. Concrete was used almost entirely

in the works connected with the new harbour at St. Helier,

Jersey, which Mr. Bell was carrying out under, and from the

designs of. Sir John Coode, M. Inst. C.E. The large blocks in this

structure weighed about 12 tons each, and they could be lifted and

removed three days after making. The completed portion of the

sea wall—about 100 yards in length—had withstood intact the

storms of the past winter, which had caused so much destruction

to many works of a similar character. He considered it likely that

concrete, as applied to river or harbour works, would come very

generally into use, because the manufacture of Portland cement

had attained great perfection. Where gravel or sand was not

easily obtained, stone or shingle could be employed. B}' the appliance

of steam power, combined with the use of stone and sand-crushing

machines, any necessary amount of material could be manufactured.

Mr. MiLROY, through the Secretary, in reply, stated that the

object of the Paper was not so much to give a detailed account

of the Plantation Quay as to describe his system of constructing

non-metallic cylinders in rings and combinations, in connection

with an important application of that system in actual practice.

Nor did he claim any merit for the suggestion of brick cylinders,

a form of construction long established in India for river-wall

and other foundations, and well known to every Engineer. There

was no record of the use of brick wells in Great Britain—at any

rate, for foundations. The two large shafts sunk in connection

with the Thames Tunnel were for a different purpose. It, how-

ever, by no means followed that they had not been so applied.

They certainly had been used many years ago in France for the

piers of a bridge. Instances so trifling, however, would not affect

the statement in the Paper that the Engineers of the Clj^de Navi-

gation had been the first to adopt them in this country " on a large
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scale ;" by which expression he meant to refer, not to the dimen-
sions, but to the number of the cylinders. The works already con-

templated on the Clyde might require about two thousand cylin-

ders. With regard to the Hermitage Wharf, to which Mr. Eendel
had referred, iron cylinders had been suggested by Mr. Falshaw,
one of the directors of the Company, before either Mr. Milroy
or Mr. Eendel was consulted ; and the suggestion was afterwards

adopted, owing to the difficulty anticipated in sinking a blunt

brick cylinder, 18 ft. diameter, by excavating machinery, through
the Thames gravel, and to the risk of injury apprehended
to adjoining buildings if pumping were resorted to. He had
no prejudice in favour of any particular kind of cylinder, be-

lieving that iron, brick, or concrete should be used according

to the requirements of the case ; but he was decidedly of opinion

that a great deal of money bad been wasted by the exclusive use

of iron. What he advocated was, that metal, on account of its

cost, should not be employed to a greater extent than was abso-

lutely necessary. He ventured to difter from Mr. Bateman's opinion

that non-metallic cylinders were only suited for mud or sand.

Mr. Milroy conceived that they were equally well adapted to hard,

stony ground, provided the shoes were so constructed as to afford

free penetration. An iron cylinder certainly possessed one advan-
tage in its thin cutting wall ; but that advantage resided entirely

at the bottom of the cylinder, and could be secured for the brick

well by retaining a length or two of iron cylinder at the bottom,

and building thereon brick, concrete, or stonework resting on
strong iron brackets. Not only would such an arrangement be
more economical, but it provided, to a greater or less extent, the

load necessary for weighting. It was worth remarking generally,

with regard to non-metallic cylinders, that they required less

loading than iron cylinders, and when isolated in soft ground
might be sunk, under proper management, without weights. The
selection of brick, concrete, or stone for columnar foimdations

could be determined only by the conveniences or exigencies of the
work under consideration : the question resolved itself into one
ichiefly of expense. Though preferring concrete so long as it was
the cheaper form of construction, the Author had, since the Paper
was written, advised brick combinations for a work on the Conti-

nent where bricks could be more readily obtained than stone. Any
information which he could give as to the relative cost of the various

kinds of non-metallic cylinders would probably only be misleading,

as the cost would vary according to the locality and circumstances

of any particular work. With regard to the system of combina-

p 2
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tions, he adhered to the opinion that the concreted space be-

tween, was the most convenient and efficient contrivance for

interlocking them. The space conkl certainly be excavated as

easily as the interior of a cylinder, and, when filled with concrete,

it secured the advantages claimed for it. He might add that,

since the Taper was written, he had sunk a number of com-

binations of three cylinders each on the Clyde with complete

success. In addition to the advantages detailed in the Paper,

it was found that by excavating simultaneously in the three

openings the workmen had complete control over the mass, so as

to bo able to sink the combinations evenly, close to each other,

and that the amount of weight required to ftaxe them down was
very much diminished.

The seeming discrepancy between his statement of the weight

required to overcome friction, &c., in sinking the cylinders, and

the amount estimated liy Mr. Eedman, must arise from a difterent

mode of calculating or of stating the result. Mr. Milroy took the

load, 310 tons, with the weight of the cylinder, 120 tons, and,

dividing the sum, 430 tons, by the area of the outside of the

cylinder, obtained a result of nearly 7 cwt. for every superficial

foot of that area, or per square foot of lateral friction.
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I February 4, 1873.

T. HAWKSLEY, PresideBt,

in tlie Chair.

The following Candidates were balloted for and duly elected :

—

John Fowler, Philip Hexey IVIacAdaji, Thomas Medcalf, and
John Watt Sandeman, as Members ; John Baldwin, William
Berrell, Stud. Inst. C.E., Henry James Castle, jun., George
CoATEs, James Murray Dobson, Stud. Inst. C.E., Alpin Grant
Fowler, Stud. Inst. C.E., Francis William Fox, Charles Cockburn
Gibbons, Charles Browne Goldson, M.A., John Gordon, Henry
Gruning, Henry Hughes, Henry James Jackson [Jackson Bey],

James Yerchild Ley, Stud. Inst. C.E., Deodatus Hilin William
JoHNSTODN Nelson O'Neale Neale, Stud. Inst. C.E., James Wallace
Peggs, Arthur Frederick Phillips, Egbert James Quelch, James
EiCHARDSON, Alexander Siemens, Stud. Inst. C.E., John Steele,

and John Hooper Wait, as Associates.

It was announced that the Council, acting under the provisions

of Sect. III., CI. YIL, of the Bye-Laws, had transferred Thomas
Egbert Winder fi-om the class of Associate to that of Member.

Also, that the following Candidates, having been duly recom-

mended, had been admitted by the Council, under the provisions

of Sect. lY. of the Bye-Laws, as Students of the Institution :

—

George Neill Abernethy, Joseph Samuel Beeman, George William
Beynon, Walter Henry Cobley, Charles Henfrey, jun., Thomas
Patch, Egbert Pick\\'ell, Edward Stanhope Eatcliffe, Frank
Stileman, Bernard Francis Wardell, and William Wright.

The discussion upon the Paper, No. 1,356, "Cylindrical or

.Columnar Foundations in Concrete, Brickwork, and Stonework,"

by Mr. John Milroy, was resumed and concluded.
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No. 1,365.—" The Eelative Advantages of tlie 5 Ft. 6 In. Gauge

and of the Metre Gauge for the State Eailways of India, and

particularly for those of the Punjab." By William Thomas

Thornton, C.B., Secretary of the Public Works Department,

India Office.^

The one solitary reason of the Indian Government for adopting a

narrow gauge was belief in its superior economy. The first thing,

therefore, is to determine whether this economy is real or imaginary

;

for, although it might be real without serving as sufficient justi-

fication for the course taken, still, unless it be real, that course

remains without any justification at all.

* The discussion upon this Paper extended over portions of seven evenings, Liit

an abstract of the whole is given consecutively.

Editorial Note.—It is considered desii*able specially to draw attention to

some material corrections which have been made by the Author and the speakers

subsequently to the reading and discussion of this Paper. During the discussion

the arguments of several of the speakers were principally addressed to the state-

ment contained in the following paragraph of the Paper :

—

" Now the programme of the Indian Government for State railways con-

templated the construction in all of about 10,000 miles of such lines. By making

them, therefore, on the metre gauge, instead of on the standard gauge, Govern-

ment might confidently reckon on a saving of very little, if at all, less than ten

millions sterling. It had, as was at the outset admitted, but one solitary reason

for its choice between the two gauges ; but tliat reason was of the vast pecuniary

weight just mentioned, and will surely henceforth be admitted to be sufficient,

luilcss it can be shown to be coimterbalanced by other considerations."

"

On the 7th of May, 1873, a foot-note was added to the discussion by the Author,

in which he says :
—

" I am sorry to find myself, on further inquiry, obliged to admit that this was
a considerable over-statement. The Indian Government did certainly in March,

18G9, represent to the Secretary of State that about 10,000 miles were then want-

ing, in addition to the 5,000 miles already constructed or in process of con-

struction, to provide India with a complete network of railways, but of those

10,000 miles, not more than 3,000 have as yet been actually marked out.

—

W. T. T." "

« ride post, p. 217. »' Vide \wst, p. 452.
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Now that, cceteris paribus, a narrow-gauge railway must be clieajDer

than a broad-gauge railway, would, as an abstract proposition, seem
to be also a self-evident one. It may indeed be objected, as it has

been by a high authority, that the elements which determine

the cost of a railway are the size and the weight of the vehicles

to be used upon it, and that it is equally possible with the same
gauge to use either broad or narrow, heavy or light vehicles

;

and doubtless it would be j^ossible, by furnishing a narrow-gauge
line with heavy rails and other constituents, and with broad

vehicles, to cause the cost to exceed that of a broad gauge with
light rails and narrow vehicles. Practically, however, the broad

gauge is never adopted except when broad, heavy vehicles, nor

the narrow gauge, except when comparatively narrow and light

vehicles, are intended to be iised ; and in any comparispn of

the two gauges this intention may always fairly be assumed.

But on this assumption certain economies, more or less im-

portant, will be facilitated by the adoption of a narrow-gauge

line.

There will be savings :

—

1. In land, represented by a slip of the width of the difference

between the two gauges, and of the length of the line of

railway.

2. In earthwork, to an extent varying with the depth of the

cuttings and the height of the embankments.

3. In the longitudinal and cross girders of bridgework, and also

in the timber or iron covering of the same.

4. In sleepers.

5. In ballast.

Supposing the gauges compared, to be those of 3 ft. in. and

5 ft, 6 in., and the weight of the rails to be the same in both, the

difference of cost on these five items in favour of the narrower gauge

is, by Mr. Hawkshaw, estimated as follows :

—

£

Land 10 per mile.

Earthwork 100

Bridgework 50 ,,

Sleepers, and ballost ...... 200 „

Total £3G0 „

By Mr. Fowler, who omits to take land into account, the other

savinirs are calculated as follows :

—
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£
Earthwork 37 per mile.

Briilgework 83 ,,

SJeepers, ballast, and laying . . . 503 ,,

£623 „

Or, with addition for land of . . . 10 „

Total £633

Taking the mean between these totals, namely 497

And adding, as Mr. Fowler does, for diminished cost of

engineering and agency 87

And, as Mr. Hawkshaw does, for saving in maintenance and

renewal of permanent way, at £10 per mile, capitalized at

20 years' purchase 200

There is a fresh total of £784

wliicli may be fairly claimed as representing (according to the

average of the judgments of these authorities), the superior

cheapness of an Indian railway of 3 ft. 6 in. gauge over one of

5 ft. 6 in. gauge. Mr. Hawkshaw, indeed, considers that a further

saving of £200 a mile should he allowed as obtainable by the use

of sharper curves ; and, as among the State railways contemplated

there are some, like the Carwar-llooblee, Khundwa-Indore, and
Lahore-Peshawur lines, traversing exceedingly hilly and even

mountainous tracts, the allowance does not seem too great, and,

being added to the sum of the previously mentioned items, would
bring up the total to £984- a mile.

Another saving of £200 a mile is conceded by Mr. Hawkshaw,
under the head of locomotives ; but as, although including this in

his estimate, he shows apparently conclusive reasons why it ought

not to be included, it will here be disregarded, nor will the

comparative trifle of £12 per mile, allowed by Mr. Fowler on the

same account, be taken credit for.

After all reasonable deductions then, the saving obtainable by
the adoption of a 3 ft, 6 in. gauge is, according to the verdict of

by no means over-favourable judges, at least £784, if not £984
per mile. But the gauge actually selected by the Indian Govern-

ment is one of 8 ft. 3 in., or the so-called metre gauge ; and as,

according to Mr. Fowler, a reduction of the gauge from 3 ft. 6 in.

to 2 ft. 9 in. would, in India, make a difference in cost of £110 j^er

mile, a reduction to 3 ft. 3 in. woitld, rateably, reduce the cost by

nearly £37 per mile, thereby raising the total saving to £821 per

mile, or to £1,021 per mile, according as the economy possibly



STATE RAILWAYS OF INDIA. 217

referable to sharper curves be, or be not, taken into account.

Perhaps the fairest plan will be to split the difference, and to

assume that, as a general rule, a railway in India on the metre

gauge would be cheaper than an equally substantial line on a

5 ft. 6 in, gauge by £921, or, in numbers rounded by the addition

of the capitalized value of a further saving on annual repairs,

by £1,000 per mile.

Now the programme of the Indian Government for State rail-

ways contemplated the construction in all of about 10,000 miles of

such lines. By making them, therefore, on the metre gauge, instead

of on the standard gauge. Government might confidently reckon on

a saving of very little, if at all, less than ten millions sterling. It

had, as was at the outset admitted, but one solitary reason for its

choice between the two gauges ; but that reason was of the vast

pecuniary weight just mentioned, and will surely henceforth be

admitted to be sufficient, unless it can be shown to be counter-

balanced by other considerations.

It will scarcely be argued that the transport of the utmost

amount of traffic to be expected on any of the contemplated lines

would be beyond the capacity of the metre gauge. On the con-

trary, there are, probably, few who will not admit that, if railway

construction in India were now being for the first time introduced,

it might be wiser to have all, even of the existing lines, that is

to say, all those of the guaranteed companies, either on the metre

gauge, or, at any rate, on some gauge a good deal narrower than

the present Indian standard—say, for example, on one of 3 ft. 6 in.

If the traffic on the existing guaranteed lines were anj-thing like

what it was originally expected to be—were of anything like the

amount for which the lines were designed, and on which the original

shareholders fondly reckoned—they would surely be yielding much
}nore nearly 10 per cent, than 5 per cent, on their cost. What they

are on an average really yielding is, however, less than 3 per cent.

;

whence it may be safely inferred that their present traffic is cer-

tainly not three-fifths, and is most probably not three-tenths, of

what, with their actual standard gauge, they could carry ; nor,

•therefore, more, if indeed nearly so much, as they could carry, if

their gauge were less by two-fifths than the standard gauge. But,

if this narrower gauge would suffice for the traffic of the existing

guaranteed lines, of course it would be more than sufficient for that

of the projected State lines, which, in a commercial sense, are so

much less promising.

A narrow gauge being then plainly sufficient for the State lines,
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regarded by themselves separately, and without reference to any
larger system with which they might be connected, the only

objection to the adoption of such a gauge is that of the dis-

advantages of break of gauge. The extreme gravity of those

disadvantages need not as yet be questioned. For the present, and

for the sake of argument, they may be admitted to the fullest

extent that any one may desire ; for, in regard to the immediate

issue, there is no place for any argument arising out of them.

The position of the Indian Government, when first conceiving

its State railway policy, may be sufficiently understood from what
the position is now : to wit, as follows. On about £90,000,000

sterling, expended by railway companies on about 5,000 miles of

open railway, it guarantees interest to the extent ef £4,500,000

per annum ; while the net earnings of all the guaranteed lines,

in the last year for which returns have been received, were

somewhat less than £2,840,000 ; leaving £1,660,000 for the Indian

tax-payer to make up. On the reasonable supposition that the

rates and fares of the guaranteed railways are fixed with a view to

the production of the largest possible revenue, their gross earnings

may be regarded as representing what the people of India, for

whose benefit the railways were made, are willing to pay for

such benefits ; in other words, what, in their opinion, these

benefits are worth. By being made to pay for the said benefits

£1,660,000 over and above the amount represented by the gross

earnings, they are plainly paying £1,660,000 more than the persons

who use the railways, and who ought to be tolerably good judges of

that particular point, do believe the said benefits to be worth.

Whether the Indian Government was warranted in forcing

railway blessings on its subjects, at a price so far above the

market-rate, may be an open question ; but there can be no doubt

that to such forcing there ought to be a limit. Most assuredly it

can be no jnst ground of reproach against the Government, to have

been satisfied with comj)elling its subjects to pay so exorbitantly

for the use of the 5,000 miles of railway already made, and to

have determined, with respect to the 10,000 miles remaining to be

executed, that they should, if possible, be constructed so cheaply,

that the receipts from customers would suffice to pay full interest on

their cost, without requiring to be supplemented out of taxes. But,

even with all the extra cheapness attendant on the narrow gauge,

scarcely any of the projected State lines are expected to be quite

cheap enough for this ; indeed, were it not that they are exjiected

to be strategically and politically, as well as commercially, useful,

scarcely any of them could, consistently with the Government's
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present sense of duty, have been permitted to be made. But, nndcr

such circumstances, fur Government to allow the cost of the rail-

ways to be increased by ten millions sterling, in order to avoid tho

evils, however great they might be, of break of gauge, was plainly

out of the question. The choice did not lie between narrow-gauge

railways and broad-gauge railways, but between narrow-gauge

railways and no railways at all ; and those who disapprove of such

limitation of choice must be prepared to prove that the break of

gauge, however bad it may be, is not still an important improve-

ment upon the previously existing break between railways and

common roads.

Thus much in regard to the preliminary and more comprehensive

question. But, although the narrow gauge may be the more

suitable for Indian State railways generally, there may be par-

ticular localities for which, owing to particular circumstances,

the broad gauge would be better adapted ; and an opinion is

widely spread, and authoritatively maintained, that one such

locality is the territory included within what may be termed

the Punjab Bailway system. The arguments in support of that

opinion have been urged with equal force and fairness by Mr. Fowler.

That gentleman is not one of those who deem it sufficient to demon-

strate the truism, that for all carrying purposes, a broad gauge

is, cceteris paribus, superior to a narrower gauge. He has distinctly

recognised that, " in some districts of India, the population is so

sparse, the goods for railway transit so few, and the probability of

much increase so remote, that cheap narrow-gauge railways may
be introduced with financial and local advantages ;" and he has,

with equal explicitness, further stated, with special reference to the

Indus Valley, that, were it not for certain sections of railway

having already been constructed there, he should have " found

very little difficulty in deciding in favour of a narrow-gauge line,

from its suitability to the very light traffic of that district, and also

from its presenting one point of contact only—namely, at Lahore —
with the standard gauge." He apprehends, however, in common

. with all other objectors to this part of the Government plan, that

the fact of two sections—both on the standard gauge—already

existing, one from Lahore to Mooltan, and the other from Kotree

to Kurrachee, would, in the event of the other sections being con-

structed on a narrower gauge, necessitate extra expenditure so heavy

as to more than neutralize the economy immediately attendant on

such construction. It is essential, for the vindication of Govern-

ment, that thoise apprelicnsions should be shown to be groundless.
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The case stands thus : Continuous railway communication from

Peshawur to Kurrachee, a distance altogether of 1 ,092 miles, being

the desideratum, two sections, namely, from Lahore to Mooltan, 214

miles, and from Kotree to Kurrachee, 105 miles, 319 miles together,

have been made ; while two, namely, from Peshawur to Lahore, 280

miles, and from Mooltan to Kotree, 493 miles, together 773 miles,

remain to be made.

Now the total saving obtainable on these two latter sections by

the adoption of the metre gauge, instead of the 5 ft. 6 in. gauge, has

been calculated in detail by Mr. Fowler, and also by Mr. Lee

Smith, with results which, after certain necessary corrections for

inaccuracies in matters of fact, may be exhibited as follows :

—
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Assuming, on the grounds stated in the early part of this Paper,

the rate of saving to be £1,000 per mile, the total saving by con-

structing both the Lahore-Peshawur, and the Mooltan-Kotree
sections on the metre gauge, instead of on the standard gauge, will

bo £773,000. By the engineers of the Indian Government it is,

according to the latest advices, estimated at £750,000.

To recapitulate—the total saving by the adoption of the motre
gauge on the two sections in qxxestion is estimated :

—
£

By Mr. Fowler, at about 680,000
By Mr. Lee Smith, at a little more than 900 , 000
By the Engineers of the Indian Government .... 750,000
On a balance struck between Mr. Fowler and "» „

Mr. Hawkshaw, it may be taken at |
/70,000

In the calculations about to be made, the figures employed will be

those of Mr. Fowler, as being the least favourable to the Government.

The two existing sections of the Punjab system being on the

standard gauge, if the one metre-gauge section is to be interposed

between them, and another placed as an outside link of the whole

chain, the combination of the four sections will result rather in a

series of most inconvenient dislocations, than in anything deserving

to be styled a system, unless each of the standard-gauge sections

be either fitted with a third rail, or have one of its rails taken up
and relaid on the metre gauge. Mr. Fowler recommends, as the

next best plan to the standard gauge throughout, that a third

rail should be laid from Lahore to Mooltan, and that the rails

between Kotree and Kurrachee should be relaid at metre distance,

and the cost of the two operations is estimated by him at £327,177,

which, being deducted from the saving of £680,000, obtainable by
making the two new sections on the metre gauge, would leave a

balance of only £352,823.

The necessity for this deduction is not to be gainsaid ; but

Mr. Fowler likewise demands another of £320,700, for the pro-

vision of rolling stock for working through-traffic on the narrow
gauge betv/een Mooltan and Lahore, and also for an extra su^iply

of narrow-gauge rolling stock from Kurrachee to Peshawur for

military contingencies ; and this demand he makes on the assump-
tion that the narrow gauge employed is to be 3 ft. 6 in. If

he had assumed a metre gauge, his claim would have been pro-

portionately increased.

By deducting, however, only the lesser sum actually stated, he
would bring down the original saving of £080,000 to about

£30,000 ; and it must, in candour, be owned, that not only does
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Mr. Leo Smith, but likewise General Strachey, Colonel Dickens,

and Mr. Meadows Eendel, whose bias may reasonably bo supposed to

be towards the Government plans, quite concur in recognising the

principle on which the greater part of this second deduction of

Mr. Fowler's is proposed by him to be made.

Nevertheless, and notwithstanding so imposing an array of ad-

verse authority, it is respectfully submitted that not the smallest

deduction on this account ought to be allowed.

Considering, first, the section from Mooltan to Lahore, the

existing quantity of broad-gauge rolling stock thereon either is

sufficient for all expected traffic, whether through, or local, or it is

not. If it is not, then, in case the broad gauge had been adopted

for the adjoining sections also, it would have been indispensable to

provide additional broad-gauge rolling stock for the Mooltan-

Lahore section ; the cost of which addition would certainly have

been at least equal to that of the quantity of metre-gauge stock

requisite in order to render the total amount of rolling stock,

broad and narrow, capable of conveying all the traffic on a mixed
gauge. If, on the other hand, the present quantity of broad-gauge

rolling stock be sufficient, then, w^hen supj^lemented by a quantity

of metre-gauge rolling stock for use on a mixed gauge, the total of

broad-gauge stock would obviously be in excess of the quantity

required, to the exact extent to which it had been supplemented

by narrow-gauge stock ; and the difference would be available for

sale or transfer to the broad-gauge lines, the sale proceeds or

appraised value serving as a complete set-ofi" against the money
spent on the narrow-gauge stock.

Similarly, for the Lahore-Peshawur section, the cost of providing

rolling stock sufficient for ordinary traffic would be the same

whether the gauge were broad or narrow, or the difference, if

there were any, would be in favour of the metre gauge ; so that,

whatever necessity there was for providing additional stock for

military contingencies, the necessity would be the same for both

gauges, the cost also being the same, or, if anything, less for the

narrow gauge. It is thus abundantly clear that, in comparing

the cost of the proposed mixed gauge with that of the standard

gauge, for the entire Punjab system, there is no valid reason for

augmenting the former with one penny on account of extra rolling

stock ; and, the addition made on that account by Mr. Fowler

being withdrawn, the saving by the adoption of the mixed gauge

remains, as virtuall}" admitted by himself, at £352,823.

Here, however, it must be pointed out that all comparisons

hitherto made, whether by Mr. Fowler or others, between broad



STATE RAILWAYS OF INDIA. 223

and narrow gauge for the Punjab, have proceeded on the sup-

position that the Punjab railway system will be complete when,

by the filling xtp of the present gap between Kotree and Lahore,

and by an extension from Lahore to Peshawur, a continuous trunk

line shall have been formed from the last-named town to the port

of Kurrachee. This, however, is by no means the case. The

purposes which the Punjab system of railways has in view are

rather strategical than commercial, and will be very imperfectly

answered, unless one branch at least be led off westward from the

trunk line. The branch particularly referred to is one of about

180 miles, starting from Sukkur, on the Indus, and terminating,

in the first instance, at Dadur, at the mouth of the Bolan Pass.

This is a work almost certain to follow very speedily upon the

completion of the trunk line, and all the more speedily by reason

of the sense of common interest which is fast growing up between

British India and Afghanistan, in view of Russia's portentously

rapid progress in Central Asia. It is further to be noted, that the

connection of the Indus Valley railways with those of Rajpootana

is a project regarded by the Indian Government as one which may
deserve to be undertaken at some future period. The aggregate

length of these prospective lines could scarcely be less than 400

miles ; and, as the determination of their gauge would obviously

depend upon the one selected for those of the Indus Valley, the

choice of the metre gauge instead of the standard gauge for these

latter would, taking £1,000 per mile as the difference of cost between

the two, occasion a saving of £400,000 upon the prospective lines. Of
this additional sum, however, only the £180,000 assignable to the

Dadur line shall here be taken into account ; but that much
being added to the £352,823, with which the narrow gauge has

already been shown to be on Mr. Fowler's principles entitled to

be credited in respect to the Punjab, will raise the total saving

conseqitent on its adoption in that quarter to £532,823.

This being premised, the inquiry may now be made as to

what extent such large pecuniary advantage would bo counter-

, balanced by the disadvantages consequent on break of gauge.

Here it is at the outset to be observed that the disadvantages in

question, consisting mainly in what may, with respect to passengers

as well as goods, be termed break of bulk by change of carriages,

would, so far as import traffic is concerned, be only partially obvi-

ated by the adoption of a light standard, instead of a light metre,

gauge. The only railway that abuts on the Punjab from the east

being, like all other railways of the guaranteed companies, laid
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with rails heavier by one-third than those proposed for the Punjab,
even by the advocates of the broad gauge, their proportionably

heavier engines could not travel on the Punjab light lines without
ruining them. All through-traffic entering the Punjab from the

eastward would, therefore, have to change engines, if not carriages
;

and the trains of carriages, if not changed, would have to be broken

up and divided into shorter trains, in order to admit of their being

hauled by the less powerful engines of the light lines. On the other

hand, the export traffic trains, when entering on the heavy lines to

the eastward, would either continue to be hauled by light engines

unequal to heavy-line speed, or, if taken in tow by heavy-line

engines, would be hauled by those engines at the expense of con-

siderable waste of power.

Still, it cannot be denied that some evil would be attendant on

the break of gauge. All that is desired is to prevent its being

exaggerated. An endeavour will now be made to determine as

nearly as possible its real amount.

The evil in the case of the Punjab is of two kinds—mercantile

and strategical ; for the inconvenience to which private passengers

might be subjected, by having to change carriages once in a long

journey, is as little worthy of serious consideration, as that which

all suffer through having occasionally to take a cab to a station

instead of being able to enter a train from our own doorstep. As
regards goods, the gravity of the evil may be measured by the

quantity of goods that would have to be transladen. There are

two points at which such translading might take place, Lahore

and Mooltan ; at Lahore, of goods either arriving from the north

and proceeding in the direction of Umritsur and Delhi, or arriving

from Umritsur, or places beyond, and proceeding towards Peshawur
;

at Mooltan, either of goods arriving from the south and destined

for ulterior conveyance by the broad gauge east of Lahore, or of

goods which, having been brought by the same lines to Lahore for

conveyance to places south of Mooltan, had not been transferred to

the narrow gauge at Lahore, and therefore required to be so trans-

ferred at Mooltan. Now, of these last two descriptions of goods

the quantity may be safely pronounced to be nil. According to

the latest trade statistics, the total imports into Mooltan from
all places east of Lahore was, in 1870-71, only 10,530 tons, the.

exports from Mooltan to the same places being under 2,400 tons

;

and a glance at the map will suffice to show that no appreciable

portion of this insignificant traffic can have emanated from, or been

destined for, the half-desert tracts extending for a considerable

distance to the south of Mooltan.
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At Lahore, the other point of meeting of the gauges, the state

of things is somewhat, but not materially, different. The quantity

of traffic passing through that city in 1870-71, either from the east-

ward towards Peshawur, or eastwardly from Peshawur and places

intermediate, was, according to the same statistical tables, as

follows :
—

Imports 414 tons.

Exports 112 „

Total 526 „

Supposing that, on the completion of the Lahore and Peshawur
railway, these quantities will be doubled—becoming a total of 1,052

tons ; and that the out-turn of the Jhelum salt mines will simul-

taneously rise from 40,000 tons to 100,000 tons, and that not more

than one-half of this quantity will either be consumed within the

territory of the five rivers or sent westward into Afghanistan, the

other half being exported in the direction of Delhi, notwithstanding

that only 13,000 tons seem to be as yet so exported annually, and
notwithstanding also that it will thereupon come almost imme-
diately into competition with the produce of the Sambhur Lake,

even then, and after aM this amplification, the aggregate traffic

compelled, by break of gauge, to break bulk at Lahore will be no

more than 51,052 tons. Now fourpence per ton is pretty generally

considered to be the maximum representative in cash of the

commercial ill-efi'ects of break of gauge ; 51,052 fourpences, there-

fore, or £850 per annum, or interest at £5 per cent, on a principal

of £17,000, represents the utmost commercial harm that can be

expected to be done by break of gauge between the railway

systems of the Punjab and of the rest of India. The considerations

that recommend an extra outlay of between £500,000 and £600,000

to prevent £17,000 worth of harm must needs be other than

commercial.

The strategic considerations are these :—

-

First. With the Punjab lines on the metre gauge, all troops and

. military stores arriving at Lahore, en route either for places south

of Mooltan, or for places in the direction of Peshawur, would have

to change caiTiages at Mooltan or Lahore, Secondly. However
grave the emergency, only the bare rolling stock of the Punjab
lines themselves will be available for transport upon them ; whereas,

if those lines were broad-gaiige, their rolling stock might be

supplemented to any extent by draughts upon the 5,000 miles of

broad-gauge lines eastward of the Indus. This is the character

[1872-73. N.S.J Q
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of the strategical evils. Their imagined importance may of course

be magnified or diminished at pleasure, and there will perhaps be

no great difficulty in showing that their importance is somewhat
unduly magnified by those who, like a distinguished Member of

this Institution, " take for granted " that a prominent motive for

establishing continuous railway communication between Peshawur
and Kurrachee is the facility which will thereby be afforded " for

moving large masses of troops, and for concentrating them in

particular districts in the quickest possible time." The only

conceivable contingencies in which the presence of large masses

of troops will be required in the Punjab are such as, like, for

instance, a Eussian invasion, cannot fail to cast their shadows

before them so long beforehand, as to allow the Indian Govern-

ment, without the least hurry and with the most complete

deliberatioai, not only to mass whatever troops, artillery, and
military stores might be deemed necessary at Lahore as a basis of

operations, but also to distribute troops fully equipped amongst

whatever advanced posts it might think proper to occupy. Thence-

forward the broad-gauge railways of the main Indian system

would never have to bring up troops to be passed on through

Lahore without stopping. Their share in the business of the

campaign would consist in maintaining, at its proper complement,

the reserve of men and material at Lahore. Or if, in some unfore-

seen emergency, a regiment ever did arrive by rail at Lahore

requiring to be sent forward immediately, the only time lost would

be the half-hour or so spent by the men in walking from the

broad-gauge train to a narrow-gauge train, already laden, in

anticipation of their arrival, with whatever guns, ammunition, &c.,

were needed for their full equipment. This occasional half-hour

or so would be the only delay (if any) which ever could be caused

by break of gauge.

Eespecting the restriction of the projected Punjab lines to their

own proper rolling stock, and their inability to borrow from the

main Indian system, it is, in the first place, to be observed that,

even though the Punjab lines were of the standard gauge, it is only

carriages and wagons that they could borrow from heavy broad-

gauge lines. Heavy-line engines could not be permitted to travel

upon their light rails ; so that, in order to be able to utilize on

emergency the borrowed vehicles, it would be necessary always

to maintain on the Punjab lines a duly-proportioned number of

reserve engines to haul them, the enormous expense of which

would of itself be an insuperable objection to borrowing.

Secondly. Even though this difficulty did not exist, and even
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though all the engines and all the vehicles of the 5,000 miles of

broad gauge were capable of being used, and available for use, on
the Punjab lines, there would be not the smallest occasion for

them there. The rolling stock of the Punjab lines themselves

would be equal to all possible demands. The neighbourhood of

Peshawur, near the entrance of the Khyber Pass, and the neigh-

bourhood of Dadur, at the mouth of the Bolan Pass, are the

only localities at which an European, or Europeanized, invader

would have to be encountered. Let him, then,* be supposed to

make his appearance simultaneously at both places, and, to

put the case as badly as possible, let a host of Beloochees be

supposed to be at the same time giving trouble anywhere be-

tween Kurrachee and Sukkur. Even then no question of moving
by rail complete army corps could arise. Unless the very genius

of folly had presided over the previous dispositions, the despatch

for a few days together of a regiment a day, every alternate day,

from Lahore towards Peshawur, and from Lahore to Dadur, and
of a regiment northwards from Kurrachee, as often as one arrived

at that port by sea, is the utmost requirement to be seriously

contemplated. Now, although the provision of rolling stock for

the future Punjab lines is intended to be much below that of

most existing Indian railways—although, while, according to

Mr. Hawkshaw, the average complement of the latter is about one

engine, with vehicles in proportion, for every five miles, the Govern-
ment authorities are of opinion that for the lesser traffic of the

Punjab one engine and thirty vehicles for every thirteen miles may
possibly suffice—yet, even with rolling stock at this exceedingly

low rate, it has been demonstrated by careful and minutely detailed

calculations that, in the course of a week, 12,000 combatants of all

arms, infantry, cavalry, and artillery, fully equipped, and with a

month's rations, could easily be moved from Lahore to Sukkur, or

11,000 from Lahore to Peshawur, or three corps of 4,000 each, one
from Lahore to Peshawur, a second from Lahore to Sukkur, and a

third from Kurrachee to Sukkur.

The case for the Government of India stands thus : By making
the Punjab lines on the metre gauge it will save £530,000, at the

lowest computation. To have adopted a light standard, instead of

a metre gauge, would have occasioned a waste of a like amount,
against which there would not have been the smallest strategical

set-off, nor any other compensation of any kind, except a slightly

increased commercial convenience, not exceeding in capitalized

value £17,000 at the outside.

It remains only to be said that this vindication of the Indian

Q 2
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Government is offered by a volunteer advocate, wlio does not

pretend to have received a brief. Quite possibly therefore he may
have inadequately treated some points, or even completely over-

looked others, on which that Government, if consulted, might have
desired to lay especial stress.

The Paper is illustrated by a map, from which Plate 8 has been

compiled.

[Mr. W. P. Andrew
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Mr. W, P. Andrew (Chairman of the ScincTe, Punjab, and Delhi

railways) said he had listened to the Paper with mnch interest

and satisfaction ; inasmuch as it was the production of a well-

known advocate of the proposed narrow gauge ; and because it

showed how little, even in such skilful and practised hands, could

be said in favour of a crotchet which, if imported into the rail-

way system of India, would utterly destroy the usefulness and
impoi'tance of the lines which he had the honour to represent.

In the first place, he would endeavour to clear the ground by
saying that cheap railways, and a break of gauge, were two
distinct questions. Twenty years ago he had himself advocated

the introduction of cheap railways into India, and he had heard

nothing novel in the Paper read on this occasion unless it were

the gauge of 3 ft. 3|in., and that a break of gauge was no serious

disadvantage.

The Paper would lead the Institution to imagine that the

Author, like Eip Van Winkle, had been asleep for the last twenty-

five years, and that he had never heard of the disasters, the con-

fusion, and the loss that had occurred in England from a break of

gauge : as he had now proposed, for adoption, ideas which men,
who had not been asleep, had long since found impracticable, and
had therefore abandoned. All who were interested in railways, in

India, must deplore the delay which had occurred from the dis-

cussion of this most unfortunate crotchet. All must deplore that

the Indus Valley line of railway had been so long delayed, inas-

much as it was beyond question the most important political and

strategic line in India—looking to the portentous approach of

Eussia towards the confines of the Indian empire. Of all the

most eminent men connected with India— and he had been in

correspondence with a great many—there was not a single one

who had not attached the utmost strategic value to the Indus

Valley line : Lord Lawrence, Sir Bartle Frere, the late lamented

Sir Donald McLeod, Lord Napier of Magdala, and many others,

all attached the greatest importance to it ; and was it now to

be supposed that the Government was going to make this great

line almost worthless, for political purposes ? The Government

proposed to introduce within Indian territory a break of gauge

—the very means—be it observed—which Eussia had estab-

lished at her frontier to hamper the movements of any invader.

Had a break of gauge existed between France and Germany, the

siege of Paris would, in all probability, never have taken place.

It was evident that this ' toy line,' which was proposed, could

never carry heavy • ordnance, and horses, and the mtmitions of
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war, with rapidity, certainty, and despatch. Many eminent

engineers had told him that it was impossible : at all events,

it must be admitted that it could not carry those heavy muni-

tions of war with the same ease and certainty as a line of wider

gauge.

The existing gauge was introduced under the authority

of Lord Dalhousie, after very considerable investigation, and

there did not appear to be any reasonable objection to it. As

to saying that a break of gauge was a matter of very little

importance, from the Author's description of a regiment

marching from one line to another, with all the munitions

and all the artillery comfortably arranged in another train on

another gauge on the other side of the platform—one would have

thought he was organising a pleasant excursion to the ' Star and

Garter ' at Eichmond, instead of handling a body of troops

with their camp followers and baggage. He made no reference to

the failures and confusion incident to the management of a large

body of men and a large amount of heavy material under such

circumstances. The real evils were well known to all who were

connected with the management of railways. Mr. Andrew trusted

there were some present who would give their experience of the

evils, confusion, and loss, incident to a break of gauge on the

Great Western line. If so, they would state that the evils were so

great that, sooner than continue to siiffer the loss and confusion,

they were induced to relay the line, and to make it a continuous

narrow-gauge line instead of a broad-gauge line.

The difficulty and confusion involved in the movement of

troops, especially in a country like India, although considered of

little account by the Author, were well known to those who had

had any experience of campaigns in that country. Even if

the fear of complications arising from the portentous advances of

Eussia should prove to be exaggerated, or groundless, there were

ample reasons of a political and strategic character why the railway

system of the north-western frontier should be made as perfectly

adapted as possible for strategic purposes, instead of being ren-

dered inefficient and comparatively useless, as it would be if a

break of gauge was introduced. It was well known with what
rapidity the spirit of hostility spread among the fanatic tribes who
composed the population both of portions of the British Indian

territory and of that immediately bej'ond the borders. As an in-

stance of this, he might uaention the case of the Umbeyla campaign,

about ten years since. When this campaign was undertaken, a

well equipped force of about 5,000 men was considered sufficient.
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But when this force had occui^ied the Umheyla Pass, the General

commanding found it would not be prudent to advance further

without first obtaining a reinforcement of 2,000 men to hold the

pass, which was only about 40 miles from Attock and 3 miles

beyond the border. And so rapidly did the spirit of hostility

spread among the fanatic tribes along the frontier, that, by the

time the desired reinforcement arrived, a second reinforcement was
found to be required, thus rendering the movement of regiments

repeatedly necessary from post to post along the line by which the

troops advanced. It was the opinion of the highest authorities on
the spot that had 2,000 men been promptly available in the first

instance, the putting down of the outbreak would have been the

work of a few days, instead of being one of considerable time

and difficulty, and attended with heavy loss of life as well as

with great expenditure of money.

Mr. Andrew felt, personally, a special interest in this question,

inasmuch as he had planned and advocated for many years past the

Indus Valley system of railways, with branches to the Khyber and

Bolan passes. He feared the Government were by no means alive

to the great political importance of that system of railways, which,

not only for commercial purposes, but still more for political and

strategic reasons, he desired to see completed in the most efficient

manner possible. In illustration of the imperial importance of this

question, he might be permitted to quote some remarks which he had

addressed to Lord Palmerston, in 1857, when Mr. Andrew headed a

large and influential deputation to urge upon the suj^port of Govern-

ment the claims of the proposed Euphrates Valley Eailway. On that

occasion he stated that " The grand object was to connect England

with the north-west frontier of India by steam transit through the

Euphrates and Indus Valleys. The latter would render movable

to either the Khyber or the Bolan, the two gates of India, the flower

of the British army cantoned in the Punjab ; and the Euphrates

and Indus lines being connected by means of steamers, we should

be enabled to threaten the flank and rear of any force advancing

through Persia towards India. So that the invasion of India

would by this great scheme be placed beyond even speciTlation

;

and it would be evident that the great army of India of 300,000

men, being united by this means to the army of England, the

mutual support they would render each other would quadruple the

power and ascendancy of this country, and promote powerfully the

progress, and the freedom, and the peace of the world."

He could not agree with the Author that it was probable we
should have ample notice of any hostile movement on the part
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of the Eussians to enable due preiDarations to be made for their

reception.

There was one circumstance that the Author had alluded to,

regarding the tax-payer of India. Now, India was a great

country—possessing two hundred millions of people—as large as

the whole of Europe exclusive of Eussia. The commerce of the

country, since railways were introduced, had increased at an
enormous rate. Those who, like himself, were connected with

Indian railways, had sent out about 0,000,000 tons of materials,

conveyed in between 7,000 and 8,000 ships ; and they did imagine

that the large amount of money they had sent out also had had
some beneficial effect on this very pitiable and most interesting tax-

payer. They had sent out money for investment in India ; and they

thought if the Indian tax-payer had to pay £1,600,000 per annum,
to make up the guaranteed interest on the railways, the tax-payer

had reaped some little advantage in having, in many instances,

three times the usual wages ; in being well clothed instead of being

almost naked, and being well fed instead of half starved ; and the

farmer, in the enhanced prices of produce and the increased

cultivation of the land ; and the merchant, in the facilities for the

transport and sale of his goods, had benefited to an enormous

extent from British capital—not Indian caj)ital. And what was
it the tax-payer had to pay? £1,600,000 per annum for all these

enormous benefits ! It was less than twopence per head. He did

not think it fair to bring forward the tax-payer without stating

at the same time what he got for his money. If he paid two-

pence he got not only a very good sixpence in return, but other

benefits which at present he could not estimate.

The commerce of India, as he had already stated, increased to an
enormous extent after the introduction of railways. In 1834—35

it amounted to fourteen millions sterling. Then there were no
railways. In 1854—55 it amounted to about thirty-five millions,

when there were 150 miles of railway constructed. From that

time it increased at the rate of eight millions per annum till

1865-66, when it amounted to one hundred and twenty-three

millions sterling. That the commerce had not increased since

that period was owing to excej)tional circumstances, which he had
no doubt would soon pass away.

The following memorandum would show the rapid increase

which had taken place in the trade and revenue of India during

recent years, since the introduction of railways into that

country :

—
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Trade of India.
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Imports. Exports. Total.

1834-35

1854-55

1861-62
1862-63
1863-61
1864-65
186.5-66

1866-67'

1867-68
1868-69
1869-70
1870-71

37,272,417
43,141,351
50,108,171
49,514,275
56,156,529
42,275,619'
47,481,157
51,146,095
46,882,326
38,858,728

37,000,397
48,970,785
66,895,884
69,471,794
67,656,477
44,291,497'
52,446,002
54,457,744
53,513,728
57,818,022

14,000,000

35,000,000

74,272,814
92,112,136
117,004,055
118,986,069
123,813,006
86,567,116'
99,927,159
105,603,839
100,396,054
96,676,750

[Average increase from
1834-35 to 1854-55
about £1,000,000 ster-

ling 23er annum, there
being in 1854-55 only
about 150 miles of
railway open.

Average increase from
1854-55 to 1870-71,

} during which period
the railways have
been rapidly pushed
forward, upwards of

£3,500,000 per aummi.

1 Eleven months only.

Kevence op India.

Year.
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200,000 square miles, with a jioptilation of 22,000,000 subject to

British rule or influence. So great were its capabilities that it had

been estimated by Lord Lawrence, when Chief Commissioner of the

Province, to be capable of producing half a million tons of cereals

for export annually, wdthout in the least degree interfering with

the requirements of the inhabitants themselves.

The charge for transhipment of goods from one gauge to another

was estimated by the Author at 4:d. per ton. Now it w^ould be

found from ]\Ir. Hawkshaw's report, that at the time the discussion

relative to the gauges was going on, one person estimated it at

4d., another at Sd., and another at Is. per ton ; but Mr. Hawkshaw
stated that all these estimates were fallacious, inasmuch as the loss

arising from confusion and delay exceeded infinitely either of those

sums.

In contrast to the views entertained by the Author, who, for the

one solitary reason of a so-called economy, would seriously impair

the efficiency of this most important portion of the very backbone

of the Indian railway system, it should be mentioned that Lord

Salisbury, in a speech at Manchester in 1868, in reference to

proposed railways in India, had urged that Government ought

not solely to regard the question as one of direct profit, as he

considered that even in the case of lines which did not yield a

direct profit, the Government were more than compensated for

any outlay which they incurred. There might also be mentioned

a despatch addressed by Sir Stafford Northcote, when Secretary

of State, to the Governor- General on the 24th of November,

1868. In this despatch the Secretary of State observed:—"The
political and military advantages of present commercial railways

to the Government would be cheaply purchased eyen were the

railway system more costly to the Government than it is." It

could only be hoped that the question which the Members w^ere

assembled to discuss would yet be decided on broader and more

worthy grounds than those adduced by the Author.

Mr. T. E. Harrisox, V.P., said that he would endeavour strictly

to confine himself to the arguments of the Paper. He might

say, at the outset, that he had had no connection with Indian

railways, but in England he had not only constructed many
hundreds of miles of railways, but he had also had to work and

manage them; and in the observations which he proposed to address

to the meeting he would draw from the experience he had so

gained, to illustrate the views to which he proposed to give

expression.

The Paper stated that, " practically, the broad gauge is never
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adopted except when broad, heavy vehicles, nor the narrow-

gauge, except when comparatively narrow and light vehicles,

are intended to he used." Now he took exception to that being

laid down as a matter of fact. The original Newcastle and
Carlisle railway, which was 60 miles in length, was worked for

upwards of twenty years entirely by light engines, light carriages,

and light wagons, and he believed that some of that railway

stock was still in existence after nearly forty years of wear ; and

to say that only heavy vehicles were introduced on broad-gauge

lines was a mistake, because many of the goods wagons referred

to did not weigh more than 2|- tons or 2J tons, and carried 5 tons

of load. Again, it was not true as regarded the narrow-gauge lines,

because, in Canada, on the Grey and Bruce and Toronto railway,

the cars in use iipon that line, though of only 3 ft, 6 in. gauge, were

8 ft. wide and 36 ft. long : therefore when he saw such a state-

ment as that, he could not but call attention to it as not being in

accordance with facts.

He would now proceed to the question of figures. It was broadly

stated, in the commencement of the Paper, that the case of the

Indian Government was based upon one solitary reason—that of

economy ; and it was admitted that the whole question dej^ended

upon whether that economy was real or imaginary. The Author gave
two estimates made by men of great eminence—Mr. Hawkshaw
and Mr. Fowler. Mr. Harrison found, on putting them side by
side, there were great discrepancies between them.

He quite agreed with the general proposition laid down, that a

narrow-gauge line could be made more cheaply than a broad-gauge

line. He did not think any one would, for a moment, dispute

that ; but the question arose, what was the extent of that economy ?

The estimates gave the saving in each item per mile. The first

item was land,—Mr. Hawkshaw, £10, and Mr. Fowler, nothing.

The next, earthwork,—Mr. Hawkshaw, £100; Mr. Fowler, £37 :

then bridges,—Mr. Hawkshaw, £50 ; Mr. Fowler, £83 : sleepers

and ballast,—Mr. Hawkshaw, £200; Mr. Fowler, £500. Total:

Mr. Hawkshaw, £360; Mr. Fowler, £620; Mr. Fowler being £260
in excess of Mr. Hawkshaw. When a document exhibited so great

a discrepancy in the estimates of gentlemen of such high position,

the natural inquiry was, why did this discrej^ancy exist ? Mr.

Harrison had endeavoured, from such information as he had been
able to obtain, to arrive at an analysis of that discrepancy.

In the first place, he took the item of land, which Mr. Hawk-
shaw put at £10, and Mr. Fowler, at nothing ; and he concluded that

the Author assumed that to be an omission, as he added £10 to
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Mr. Fowler's estimate afterwards; but the wliole extent was a

question of a quarter of an acre of land per mile—strictly, it was

0*27 acre per mile—and the question was, what was the value

of an acre of land in India? He saw from a report hy Major

Bonus, in his estimate of the land for the Indus Valley line, that

the maximum value he attached to the land was 27 rupees per acre.

Then the value of a quarter of an acre would be 1 3s. 6d.

That, Mr. Harrison fancied, was one of those items which might,

without difficulty, be reduced to something like a certainty. As

regarded the earthwork, if the additional width of 2 ft. 3 in., the

difference between the metre gauge and the 5 ft. 6 in. gauge, was

taken as the basis of the calculation, the total amount was equal to

440 cubic yards of earthwork per mile of road a foot in height

;

and he was told that the average cost of earthwork was 5 rupees

per 1,000 ft., or equal to £7 7s. for every foot-height per mile; and,

taking an average height of 5 ft. for a cheap line, the cost would

be £36 15s., or, practically, what Mr. Fowler had put it at. Still,

there were elements by which such a calculation could be accu-

rately made.

On the subject of the bridges he had no means of judging

whether Mr. Hawkshaw's £50, or Mr. Fowler's £83, per mile was

right. All he would say was, in making the design for girder

bridges which might be used on a light line of railway, of the

standard gauge, he should be disposed to err on the right side,

by making them stronger than calculating the minimum loads

they had to carry : therefore, on that ground, he should take the

higher of the two values.

When he came to the question of sleepers and ballast, there

w^as a discrepancy of 150 per cent, between Mr. Hawkshaw and

Mr. Fowler. Now he had analysed the basis on which Mr. Fowler

made his estimate, and it was quite clear on the face of it, on

making the comparison between the narrow gauge and the broad

guage, how that difference arose. On the question of sleepers, which

formed the most important item, Mr. Fowler took the section of

the sleeper for the metre gauge, at 8 in. by 4 in. ; whereas, when

he took the section for the broad gauge, he made that section

9 in. by 4iin.

Now it was proposed that the weight of the rails should be the

same in both cases, which meant that the loads that were to traverse

them were the same also ; and Mr. Harrison had yet to learn why,

as the load was the same, and the rails were the same, the sectional

area of the sleepers was to be different. He had laid thousands of

sleepers of the section of 8 in. by 4 in. on a 4 ft. 8^ in. gauge, forty
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years ago on one of tlie earliest lines. All the sleepers on that line

were of that sectional area, the weight of rails was 40 lbs. per yard,

and over a portion of that line the traffic between England and
Scotland ran for about four years. Therefore, if the sectional

area of 8 in. by 4 in. was siifficient for a gauge of 3 ft. 6 in., he had
no hesitation in saying it was sufficient for a gauge of 5 ft. 6 in.

with the same weight of rail and of passing load. But the difference

in sectional area of the sleepers adopted by Mr. Fowler, caused a

difference in his estimate of £150 per mile.

Then, again, on the question of ballast, Mr. Fowler took the

depth of the ballast for the metre gauge at 1 ft., but for the

5 ft. 6 in. gauge he took a depth of 1 ft. 3 in. If 1 ft. depth of

ballast was sufficient for the metre gauge, it was sufficient for the

5 ft. 6 in. gauge ; therefore, that was a point on which he joined

issue with Mr. Fowler, as to whether in that item a fair comparison

had been made between the two gauges, and, if not, it made a

difference of £81 per mile.

Then Mr. Fowler took an addition of £10 per mile for laying

the additional gauge. What it might exactly be Mr. Harrison

could not say, but he should put it at not more than £2 per mile

or £3 per mile at the outside, because, in the manipulation of the

laying of the rails, the only additional cost was connected with the

handling of the larger sized sleeper. Mr. Fowler took the difference

in sidings at 10 per cent., and said, if the main line cost a given
sum per mile more than the metre gauge, and all the sidings were
the same, they must add so much to the cost per mile. In that,

Mr. Harrison entirely agreed ; but putting the whole together the

result was only £378 per mile, instead of £633 per mile, as stated

by Mr. Fowler. Mr. Harrison could not help feeling, that when
the Author added together the two sums, of Mr. Hawkshaw's esti-

mate, and of Mr. Fowler's estimate, with the addition of £10 for

land, and then took an average of the whole, such a mode of

making an estimate hardly commended itself as a proper mode of

determining a question of such vital importance to our vast
Indian empire. To take the average of two opinions, without a
strict investigation of the mode by which those opinions were
arrived at, reminded him of the mode he had often seen followed

by common juries who assessed the value of land—they took the
sum of the amounts given by the witnesses, and took an averao-e

of the whole. Now, taking the average, which was £497, as

arrived at by the Author^ there was added to that, for engineering

and agencies, 17^ per cent., or £87 per mile. Mr. Harrison
believed that, on many Indian railways, the cost upon the outlay
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for works for eBgineering and agencies was that amount ; but

when the nature of this excess was examined, there were many
items which formed that excess which could not for a moment

come under the category of works which required an average

of the whole of that expenditure. He took the engineering, the

setting out of the line, the preparation of plans, the estimate

of all the works, which were important items, and it was quite

clear these would be expenses per mile equally chargeable upon

the narrow gauge and upon the broad gauge, and, therefore, when
he saw 17J per cent, charged as an average of the whole cost, it

was clear there ought to be a large deduction made from that item.

Then there was a question of saving of maintenance, which was

put at £10 per mile, and capitalised at twenty years' purchase as

£200. That, in itself, he did not at all find fault with, but he

doubted very much whether the effect of the mode in which it was

put was not calculated rather to mislead. It was not expenditure.

It was quite clear, that to maintain the sleepers and other works

upon the broader gauge, there would be a larger expense in re-

newals. He did not quarrel with the amount of £10 per mile,

but he did not think, when they estimated what the outlay would

be, this should be regarded as additional cost.

Then Mr. Hawkshaw had put in his estimate an item of possible

saving of £200 per mile for curves. Now Mr. Hawkshaw admitted,

not only with regard to that item, but with regard to other items

of his estimate, that he had placed them at an amount which he

believed would place it beyond the power of cavil ; but Mr. Harrison

was afraid he should cavil very greatly at this estimate of

£200 per mile for curves. He did not know exactly what the

nature of the country was, but he was told, that as a rule,

sharp curves were not required, yet this was a charge which

was proposed to be made applicable, not to special cases, but to

the whole of the proposed 10,000 miles of railway throughout

India. Now, surely, apart from the question whether £200 per

mile was the exact sum, it could not be right—where they had the

great majority of the lines, as he was told, through a country in

which few or no curves were required—to apply the result of the

special cases, and those quite exceptional, to the whole length of

lines they were proposing to construct. He further took exception

to the question of the saving alleged to be obtainable by the use of

sharper curves on the metre gauge ; because, as he understood, there

was a limit of 5 chains radius on the metre gauge, and there was no

difficulty whatever in adopting, for such lines, curves of 8 chains

radius with the broad gauge. He had such curves at work with-
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out the slightest difficulty over many miles of railway and very

steep gradients. He had occasion some time ago to examine into

this question as to the saving which could be eiiected by adopting

sharp curves. To accurately arrive at the amount, it was neces-

sary to go one step further by taking the additional length of line

which the use of sharp curves entailed, and the cost of maintaining

and working that additional line, and also to capitalise that addi-

tional cost. It would further be necessary to take into account

that in many cases the apparent saving, which was solely a

question of excavation, was far more than swallowed up if the

correct plan was adopted of taking into account the increased cost

of making, working, and maintaining the additional length of

line : therefore he" doubted whether in any case there could be

an excess of expenditure of £200 per mile ; and under no possible

circumstances could such an expenditure be applied to the whole
10,000 miles to be constrvicted in India.

These items altogether brought up the cost, as given in the

Paper, to £1,000 per mile. Now he begged to say distinctly from
his own practical experience, if ho were going to construct, in

England, a metre-gauge line, as compared with a light broad-gauge

line, it would not save £400 a mile ; therefore he entirely doubted

the accuracy of the basis as set forth in the Paper, and on which, as

he understood, the Indian Government had decided to introduce

the metre gauge. Whether the reduction from £1,000 per mile to

£400 per mile would alter their ideas or not he could not say, but
the whole basis of the Governmental decision, as put forth from the

beginning to the end of the Paper, was stated to be that the one
solitary reason for adopting a narrow gauge was a belief in its

superior economy. It did not state the extent of that economy,
but simply that it was a superior economy.

With regard to cheap lines, there were other circumstances

beyond the mere question of permanent way which entered into

the construction of cheap lines. He had, within the last three

years, to make a line in Yorkshire—the Selby and York railway.

That line was constructed on the first-class gradient of 1 in 240
;

but the contractor, happening to find a good brick-field in the

centre of the line, laid down, for his own purposes, a permanent
way of nearly the whole length of the line. The cuttings were
from 18 ft. to 20 ft., and the embankments about the same height.

During the whole progress of the line for two years this con-

tractor's permanent way was laid upon the surface, and Mr. Harrison
had traveled over it at a speed of 20 miles per hour. He was
satisfied that if more attention was devoted to the use, in certain
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cases, of short and sharp gradients, and in that way getting over

the surface, a greater economy would result than was involved

in the question of lightness of railway.

So far, then, as to the general question of economy : but now he
would take up that which was put forward in the Paper as being

by far the most important part of the question, namely, the appli-

cability of the metre gauge to the Punjab system of railways—not

only of the introduction of the metre gauge, but of the mixed gauge,

and of break of gauge. The Paper stated the proposal was to lay

down a third rail in the 214 miles of line, from Lahore to Mooltan.

That was a proposal to introduce into a portion of the Indian

railways—which was admitted, in the Paper itself, to be one of the

most important for strategic purposes—that break of gauge and of

mixed gauge, which, in England, he was happy to say, were on the

point of being abolished. He had been to a great extent connected

incidentally with these questions of break of gauge, and of mixed

gauge, and he had always heard from those interested—in South

Wales particularly—the break of gauge described as the " ciirse of

the district ;" and when lately in South Wales he had heard equal

rejoicings that a change had taken place. One gentleman connected

with copper-works in Wales told him that the change of system by

which the copper ore was taken directly to the works, had resulted

in an economy of £1,000 per annum, and that additional income

was derived entirely from avoiding loss in copper ore from

transhipment.

The saving as between the metre gauge and the standard gauge,

as estimated by Mr. Fowler, was £680,000 ; but if the views

which Mr. Harrison had expressed were at all correct, and he pre-

sumed Mr. Fowler had based his estimate on the same basis as his

report, that amount would be reduced to a very large extent.

It was admitted that there were sets-ofif to the extent of £327,177

for altering the existing gauge in one case, and for laying down
the third rail upon 214 miles of the Lahore railway. Then
there was a further item of £320,700 for rolling-stock for through-

traffic, the extra narrow-gauge stock, and for military contin-

gencies. Now that item was vouched for, according to the Paper,

as necessary by General Strachey, Colonel Dickson, Mr. Fowler,

Mr. Lee Smith, and Mr. Eendel ; but it was argued bj' the Author
" that not the smallest deduction on this account ought to be

allowed." Now, in this case, he would bring to bear that which had

been his own experience in these matters, and here he would quote

the words of the Paper :

" Considering, first, the section from Mooltan to Lahore, the



STATE RAILWAYS OF INDIA. 241

existing quantity of broad-gauge rolling-stock thereon either is

sufficient for all expected traffic, -whether through, or local, or it is

not. If it is not, then, in case the broad gauge had been adopted

for the adjoining sections also, it would have been indispensable to

provide additional broad-gauge rolling stock for the Mooltan-

Lahore section ; the cost of which addition would certainly have
been at least equal to that of the quantity of metre-gauge stock

requisite in order to render the total amount of rolling stock,

broad and narrow, capable of conveying all the traffic on a mixed
gauge." ^

Then the converse of that proposition was also gone into, and
the same argument was also used as to the Lahore and Peshawur
railway. Now, wherever two systems of gauge were adopted, the

merest tyro in railway management would be aware that it was
impossible to do the work with the same amount of stock which
was required for an uniform gauge. He did not state this as a
matter of opinion, but as a matter of fact, which he was satisfied

every railway manager knew to be beyond dispute ; but the Author
asserted— on what authority was not stated—that not the smallest

deduction should be made on that ground. There were many
practical instances of it. He would take as an illustration the

case of two collieries, each of which thought it was desirable to

have their own particular stock ; but if the railwaj^ company did

the work, the stock with which they could do it would be less than

the aggregate stock of those collieries. If, on the other hand, the

railway company determined to carry a particular portion of their

traffic by a particular class of wagons, and the other portion by
another class of wagons, it was clear that, to carry that traffic,

they must have a larger amount of stock. Then, again, there was
the question of the expense of working. When they had the two
systems to work, it was utterly impossible they could work those

systems by rimning only the same amount of mileage. They had
the mixed gauge ; they had two sets of trains, one for the broad

gauge, and the other for the narrow gauge ; and, in working, they
must have a largely increased mileage; thus the fair basis of

calculation would be to take that additional mileage as an annual
cost, and to capitalise it as a set-off. But that was not done.

Then, again, he did not see anything put down for the increased

cost of maintaining the 214 miles of mixed gauge. No one could

dispute the fact that there was a large additional cost in main-
taining a mixed gauge. He knew that, when the mixed gauge

' Vide ante, p. 222.

'1872-73. N.S.]
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was taken up, on the line at Oxford, the Great Western Company
calculated they saved nearly £100 per mile in maintenance of

way ; and he knew the saving could not be less than a fourth of

the cost of maintaining a single gauge ; and if that was put at £80

per mile, the increase of £20 per mile—which was the minimum

—

and capitalized that amount per mile over 200 miles, it would be

found there was an amount of £80,000, as a set-off against this

£320,700. Then he saw also, at the other end of the line, the

whole of the stock of the Scinde railway would be thrown upon

the hands of that company, and it must be sold. That line was

now of the standard gauge, and that being done away with,

they would have that stock to sell, and to supply its place with

other stock. He saw no account of the loss which would be

sustained by that ; and it was well known if a company had stock

to sell they would think themselves happy if they realized

anything like 50 per cent, of the first cost. If he took all the

items together, the conclusion he arrived at was that, so far from

this crucial test, the one solitary reason, superior economy, being

actually realized, he, on the contrary, had no hesitation in stating

that the adoption of this metre gauge on the Punjab system of

railways would be found to occasion actual and positive increased

cost to the Indian Government.

Xow there was one other point which he thought had not yet

been sufficiently tested anywhere—certainly not in England

—

and that was, what would be the actual cost of working this metre

gauge. The only instance in England was the Eestiniog railway,

which he knew and had traveled over, and there the expense of

working and maintenance came out at £1,000 per mile. Now, he

knew perfectly well that for years the Newcastle and Carlisle line,

with a traffic greater than that of the Eestiniog railway, never ex-

ceeded £500 per mile. What was it in this gauge that caused the

Eestiniog line to be worked at a cost of £1,000 per mile ? He thought

that, before assuming as a fact that there was to be this great saving

in cost, when the Government were going to adopt an innovation

affecting the whole of India, it would be a prudent plan to ascer-

tain with more certainty that which was not referred to in the

Paper, namely, whether in the actual working there was any saving

at all, and whether there might not be a loss ? He held that was

a point which was already settled, taking the results at Eestiniog

as a guide. He was reminded that the Eestiniog line was only of

2 ft. gauge. That was true ; but the argument had been used, that

if a line of 3 ft. 3| in. gauge could be worked more cheaply than

a line of 5 ft. 6 in. gauge, then by reducing the gai^ge to 2 ft. it
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would be worked more cheaply still ; but he believed the reverse

would be found to be the case in working.

There were several other points to which he should have been

glad to refer ; because he found they were matters in which, in a

practical point of view, he considered that the assumptions in the

PajDer were entirely erroneous. ' But he felt he had trespassed

sufficiently long upon the time of the meeting, and many other

speakers would be able to go into those matters and to elucidate

them.

Mr. J. Hawkshaw, Past-President, said the Paper referred to a

former report of his, and, in fact, professed to draw from that report,

to a certain extent, the data which led the Author to the conclu-

sions he had stated. But on looking at the Paper and comparing

it with his report, from which it purported to make extracts, he

had been a good deal puzzled to make out the figures which had
been ultimately put forward by the Author.

It purported to deal with averages of figures given by him-

self, and with certain figures given by Mr. Fowler, in a report

made three or four months later ; but he could not discover how
the conclusions arrived at could be derived from those figures.

In his report, Mr. Hawkshaw had nowhere put the saving

of the 3 ft. 6 in. gauge at a greater sum than £760 per mile

;

and Mr. Fowler put that saving in one ease—that of the

Kotree and Mooltan line—at £866, and in that of the Indus

and Peshawur line, at £794 ; and the average of these two was
£830 per mile. If they took these figures, £830 per mile and

£760 per mile, they got an average saving, so far, of £795 per

mile ; and that was the only result he could find from averaging

Mr. Fowler's figures and his own. But in that £760 per mile was
included a sum of £200 for saving of locomotives. Kow although

Mr. Hawkshaw had included that sum in an aggregate, yet he

stated, for reasons which he gave, that he thought it had no business

to be there ; and if that £200 was omitted—and the Author seemed

to think that it should be omitted—then the average saving derived

from his report and Mr. Fowler's report came only to £695 per mile.

So far, therefore, if the Author had followed those figures, he would
have got only a sum of £695 per mile, instead of £1,000 per mile.

With regard to his own report, it was made entirely for the

Eastern Bengal Eailway Company, and solely had reference to

whether they could judiciously make an extension of that railway

on the naiTow gauge, instead of on the existing gauge. In making
that report he put forward the fullest possible saving that could be

arrived at by adopting a narrow gaiTge ; and he now thought he

R 2
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put the items of saving too high. He agreed with Mr. Harrison, that

the assumed saving of £200 on curves would never be realised. He
could also quite agree with Mr. Harrison, that they never would
in India, by adopting the metre gauge, effect a saving of more
than £400 per mile or £500 per mile—possibly not more than

£400 per mile. So much for the saving. But there were serious

items on the other side of the account. In this country it was
well known what those items meant ; for that was a very old

question, discussed thirty years ago, and which some persons

reasoned upon then, as the Author did now ; and what were the

results? The results had been that those who said the evils of

this break of gauge would be too serious to be borne proved to be

right ; and that those who said they were little and trifling, as

some gentlemen then said, had been proved by experience to be

quite wrong. The Author said it was admitted— on what au-

thority was not stated—that the money value, in ar commercial

sense, of a break of gauge was 4df. per ton. He need only say,

to gentlemen who were acquainted with this subject, that the

Author o^^ght not to have stated that any such thing was ad-

mitted. In fact, nothing could be more erroneous. Possibly the

Author might have got that figure from Mr. Hawkshaw's rejDort

;

for, in referring to the evils of this change of gauge, and alluding

to what occurred thirty years ago, he stated that the commercial

inconvenience had been estimated at from 4d. to 8d. and Is. per

ton ; but then he went on to say, that experience had shown those

estimates to be quite fallacious.

Then the Author measured this question in another way. He
dealt with the present income of Indian railways, and said they

now only made 3 per cent. ; and he seemed to infer, because

they only made 3 per cent., they were only carrying three-

fifths of the traffic they were intended to carry; and therefoie

the metre gauge could carry that amount, &c. Now, an argu-

ment of that sort, applied to Indian railways, would mislead. He
remembered the time when the Lancashire and Yorkshire railway

earned only 2^ per cent. ; that company was now about to declare

a dividend of 9^ per cent. By parit}^ of reasoning, men living at

that day might have said, " This gauge is altogether wrong : you
gentlemen do not know what you are about. You are making
only 2i- per cent., and you ought to have had a gauge of

2 ft. 9 in." But there was an item which the Author overlooked

with regard to the Indian empire, and with regard to the question

of dividend. He believed it could be clearly proved that every

nation gained as much from every railway that was made as the
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proprietors gained—nay, he believed it gained much more. He
had occasion about the year 1850, at the time the Lancashire and
Yorkshire railway was earning only 24- per cent., to go before a

Committee of the Honse of Commons to advocate a Bill which

proposed to increase the tolls, which they thought were too low.

The Board of Trade reported against the increase, which was
natural ; but he thought he satisfied the Committee that, though

the Eailway Company was only earning 2^ per cent., the districts

through which the railway ran were receiving more than that per-

centage on the capital which had been expended in making the

railway. Therefore he must maintain that it was a grievous error

in advising those gentlemen who had the control of affairs in

India in coming to conclusions as to the extension of railways,

to negative the advantages to the country through which they

passed. He believed that the gain to India, from the railways,

would probably be nearly double the dividend which they afforded

to the railway proprietors.

There was another point on which he laid great stress, but of

which the Author appeared to think lightly, namely, the cjuestions

of the gauge and of the character of the railway, in a strategic point

of view. He should not have ventured to have spoken on that

branch of the subject had he not, with others, had occasion, at the

request of the Y/ar Office, to advise as to the means of moving

troops in Great Britain by means of the existing railways. They
then leamt the difficulty of the task. He thought it of vast

importance to a country like India—even more important than

to Great Britain— that they should be able to pass troops by
railway with the least possible obstruction ; but the Author said

there would always be ample notice of an invasion of India, and

that there would be opportunity for proceeding " with the mos't

complete deliberation " in massing troops at some particular

place there to await the invaders. Suppose that the invaders

did give notice they w^ere coming, and that the British Govern-

ment had time to get troops to a certain point with deliberation

—if the troops were to be kept waiting at that spot, he should

like to know what the expense of that would be ? But besides

an invasion, might there not also be another Indian mutiny, to put

down which the troops might have, at an hour's notice, to be

carried with the utmost rapidity to another point ? Therefore one

effect of this broken network of railways in India must be to delay

transport, and to add to the confusion, always too great, in such

cases, under the most favourable circumstances ; this, in his opinion,

apart from all commercial questions, might render the proposal
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now made, if persisted in, one of the greatest calamities that could

be brought upon the country. At all events, he would say, do not

proceed with this great " programme," as the Author called it,

of making 10,000 miles of metre gauge, without a thorough and

efficient inquiry. Let those gentlemen who supported this measure

go before some committee or commission, capable of understanding

and oftesting their statements. To arrive at a decision without some

such previous step, would be, in his opinion, one of the most unusual

proceedings that he could imagine in any country. He would not

then make any further observations, because some of the remarks

he had made had already appeared in his report. He would only

add that, neither personally nor professionally, had he any interest

in the question of what gauge was adopted in India. He, however,

conceived that a most unwise and crude scheme had been suddenly

propounded, without due consideration, and that if the Government

persisted in carrying it into execution, it would be a consummate

act of folly.

Mr. G. P. Bidder, Past-President, said that, being the Consulting

Engineer of that particular section of railways in India which had

been the first assaulted by this scheme, he had taken, as might be

imagined, particular interest in it ; in point of fact, he believed he

was the first Engineer whose attention was drawn to the project of

the introduction of the 3 ft. 6 in. gauge into India. He was called

upon by the Directors of the Scinde, Punjab, and Delhi railways

to report his opinion of the probable consequences of such an in-

troduction, and on the 14th of June, 1870, he made his report,

in which he did not enter into such details as Mr. Hawkshaw and

Mr. Fowler had done, but he stated in general terms that he knew

there could not be any saving by the introduction of the exceptional

gauge on the Indus Valley railway. He thought it was now
necessary that a short statement should be made of the mode in

which this question had been introduced in this country by the

Indian authorities. Soon after his report had been made to the

Scinde Kailway Company, another report was obtained from Mr.

Hawkshaw ; and then a Commission was appointed—and he would

use a strong word—a packed Commission, with a Duke for a dry

nurse, to proceed to Norway in one of Her Majesty's yachts to

inspect a railway in that countr3\ The Commission went to see a

railway, of a narrow gauge, and a more common-place railway it was

impossible to find. He knew it very well, and he was an unfortunate

shareholder in it ; and he only wished that it could be made to

pay a dividend ; but he did not attribute its non-paying character

to the gaiige. The railway in question had never yielded any
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dividend, and he doubted whether it really paid the working ex-

penses ; whereas a railway of the ordinary 4 ft. 8^^ in. gauge, with
which he was also connected, in the same country, paid a dividend of

from 5 per cent, to 6 per cent, per anniim. If this Commission, to

which he had alluded, instead of going to Norway had gone to the

West India Docks, and had seen some contractor's engines at their

ordinary work there, or had gone to a colliery which could have
been pointed out to them, where they would have been shown a

4 ft. gauge altered to the standard gauge of 4 ft. 8^ in.-, to obviate

the inconvenience and expense resulting from a break of gauge,

they would have derived more practical experience than they

did from their pleasant trip to Norway.* Before quitting the

question of exceptionally narrow-gauge railways, he would
allude to the Festiniog railway, which was stated to be paying

a large dividend, which was mainly assigned to the fact of

its being constructed on the narrow-gauge system ; whereas, the

most superficial inspection of the line would show that the

dividend arose entirely from the exceptional character of the

traffic—slates packed in conveniently small carriages, traveling

down a good working incline to the shipping port, and paying a

most unusual rate of freight. These were circumstances rarely to

be found combined in other localities.

Agreeing, as he did, with the general conclusions stated by Mr.

Harrison and by Mr. Hawkshaw, he would not go over that ground

again, but would address himself to the particular case in which
he was more especially interested— the alleged economy in the

introduction of this gauge for the Indus Valley railway. He was
necessarily better acquainted with the condition of that part

' It is deserving of notice, that on the 7th of October, 1872, there was opened,

in Norway, a line of 32J English miles in length, of a gauge of 3 ft. 6 in., between
Christiania and the Port of Drammeu. There were upon it some sharp gradients

and curves, which required adequate engine power. The general result bad been
that the engines and the rolling stnck had been found to be utterly insulficieut.

The weight drawn by each engine, its own weight not included, was only

652 cwt., as compared with 1,595 cwt, drawn by the engines on the 4 it. S| in.

gauge lines. The traffic bad therefore of necessity been contlned almost entirely

to passengers. The speed attained was, for fast trains with 2 stoppages,

1 hoiiT 40 minutes, or about 19 miles per hour ; for ordinary trains with 8

stoppages, 2 hours 13 minutes, or about 14 miles per hour. Up to the present

time very little merchandise could be transported. The general result was, that

ill deference to the public opinion, it bad been enacted in tlie ' Storthing,' or

Parliament, that for the future, the State Kailways should only be constructed

on the standard gauge of 4 ft. 85 in. ; and on tliat gauge the new State line,

126 English miles in length, via Frederikshald, to the Swedish frontier, now
about to be commenced, would be constructed.—G. P. B.
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of the Empire, and his mind had been specially directed to various

circumstances connected with it.

Kow, assuming Mr. Hawkshaw's figures— £400 per mile, and

adding £200 more for maintenance, which, as it was a reversionary

value, did not begin for many years ; but assuming the saving to be

£600 per mile. The number of miles over which it extended was

—

490 miles for the Indus Valley ; and 270 miles for the Peshawur line
;

making 760 miles in the whole ; and £600 per mile over that would

represent £456,000. That was the whole advantage they claimed,

and that was in construction. Now for the ' per contra ' statement.

With regard to the Scinde railway, it was proposed to narrow

the existing line. Mr. Fowler assumed the cost to be £500 per

mile, equal to £53,000. Then, as Mr. Harrison stated the case, the

whole of the rolling stock there must be sold, and must be trans-

ported up the Indus Valley to where the ordinary 5 ft. 6 in. gauge

prevailed ; but this transport must be 500 miles up the river, between

Mooltan and Kotree. Kow, as an example of what the cost of trans-

port in India was, he might mention that the charge actually made

by the East Indian railway, from Calcutta to Delhi, a distance of

1,000 miles, for hauling up engines and wagons, not in steam, but

with the ordinary goods' trains, was £350 per engine and £50 per

wagon; these charges upon 100 engines and 1,250 wagons, with

other incidental expenses, made a total of more than £100,000 paid

for railway conveyance.

Then, as to rolling stock, Mr. Harrison had stated the ABC
experience of railway traffic. Assume a line broken up into

sections, and that there was required a separate stock for each

section, there must be a much larger stock than was necessary for

working the section throughout, and that position applied more par-

ticularly in the Indus Valley, for he had considered the question of

traffic, and had advised the Directors as to the cost of the railway

and the amount of rolling stock that would be required.

The traffic of the Indus Valley at the present time was repre-

sented by steamers, making fortnightly journeys each way. Now
speaking, as he was, in the presence of engineers who knew that

the principal strain on the rails was due to high sjDeed, he felt

assured that they would agree with him, that a speed of 25 miles

per hour on light rails of 40 lbs. to the yard, would admit of an or-

dinary locomotive engine traveling ujDon them, and as that would

be quite adequate to the requirements of the Indus Valley traffic,

the existing stock of locomotive engines need not be increased. He
also came to the conclusion that, as at present, the wagons were

detained at Mooltan and Kotree to be loaded and unloaded, and
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as this must hereafter be, more or less, the case with a break of

gauge, all of this would be avoided by a continuous route, and
no additional stock would be required; thus the whole of Mr.

Fowler's estimate, amounting to £400,000 for rolling stock on the

Indus Valley, would be saved on this section of the line.

. The next important saving would be effected in the rolling stock

for the extension to Peshawur, as, in case of emergency, recourse

might be had to that of the general system, and certainly more
than one-half, of the sti sck would be found sufficient ; thus a further

saving of £106,000 would be realised.

To this must be added the cost of a third rail from Mooltan to

Lahore, estimated by Mr. Fowler at £275,000, and the amount of

extra cost of maintenance, estimated by INIr. Harrison at £20 per

mile capitalised.

Lastly, the extra cost of altering the Lahore station into an
interchanging, in place of a through station. It was difficult to

estimate this, but, assuredly, it could not cost less than £50,000.

By adding up all these items, namely :—

£
1. Altering the gauge on the Scinde railway . . . 53,000

2. Rolling stock on the Indus Valley .... 400,000

3. Ditto on Peshawur extension, one half . . . 10(3,000

4. Laying third rail from Mooltan to Lahore . . . 275,000

5. Extra maintenance of ditto at £20 per mile capitalised 80,000

6. Altering Lahore station ...... 50,000

A total was arrived at of £964,000

Therefore he came to the conclusion that, instead of there being

any economy, there would be an absohite additional expense in

adopting the narrow gauge, and, therefore, the sole element for its

justification was an entire failure in that respect.

Now as to the inconveniences of this proposed system—there

was an expression made use of in the Paper which was remarkably

applicable to the case. The Author, in referring to the invasion

of India by the Eussians, had used the expression, the " genius of

folly." Mr. Bidder must be permitted to use this felicitous phrase,

and to apply it to the introduction of this gauge without having pre-

viously ascertained the results ; and when a gentleman of the

Author's official position talked of 4d. per ton as representing the

commercial value of the break of gauge, he could not avoid saying

that it was the " genius of folly." The Author, a man of great

intelligence, living in London, must know that the break of gauge

in this country had long been felt to be unendurable, and that the
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change to an uniform gauge had been made at great expense. Had
Sir Daniel Gooch or Mr. Grierson been asked why they made the

change, they would have clearly shown the numerous and important

evils inherent in the sj'stem, apart from the mere cost of trans-

porting the goods from the narrow gauge to the wide gauge, and
vice versa, and, therefore, not to have inquired from them the reasons

for incurring such cost and inconvenience on such a railway

as the Great \\ estern, before a statesman ventured to recommend
so vital and detrimental a change in India, deserved to be stig-

matized as the " genius of folly." Then the Author ventured

on the assertion that it was necessary that the same engine should

be used throughout any system of railway, whatever might be

the variations in the strength of the rails. He could not possibly

have traveled out of London by any of the main lines without

seeing the engines changed at different parts of the journey, and

at Crewe he would have seen three separate trains propelled] by
as many engines united into one train drawn by one engine.

Even in the rural district of Devonshire he would find a branch

railway where the broad-gauge wagons were propelled by a small

' contractor's engine.'

Mr. Bidder must take exception also to the spirit in which the

Paper had been drawn up. He alluded to that part in which it was
stated that the natives of India were taxed £1,600,000 ; that being

the diffejrence between the net receipts of the railways and the

interest paid by the Government. That remark might apply to a

great many things, no doubt, but to apply it to the railways of

India was the " genius of folly." AVas it no advantage to the

people of India to be carried at greater speed and at less cost ?

Was that a tax upon them ? Was the postal service no compensa-

tion ? Was the greater efficiency of the army, and the means of

moving that army more rapidly, no compensation ? And yet the

Author had characterised the difference between the net earnings

of the railways and the interest paid on them as a total loss, and
an unmitigated tax upon the natives of India. As if the money
had been spent on a mere toy.

Now Mr. Bidder could tell them where the waste was, but this

was not the proper place nor the proper occasion to do so at any
great length. He would, however, give a few instances. The
original financial arrangement for executing the Indian State

railways, if not altered, was a rare specimen of the very " genius of

folly." It was proposed to carry on all the new lines " pari passu,"

the works to be extended over a period of twenty years. Thus,

assuming twenty millions sterling to represent the sum to be
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expended, the outlay was to be at the rate of one million per

annum. The first result would be, that for nearly the whole of

that period, the capital would not only be unproductive, but the

unfinished works would be a constant source of expense for main-

tenance, to say nothing of the waste from the decay of the wood and

the iron. Besides which, the cost of supervision would be immensely

aggravated, and all responsibility be lost by the lapse of time. There

were two obvious alternatives, each much more rational. First,

by commencing and completing the most important sections as soon

as possible, by the concentration of all the resources of the engineer-

ing staff ui^on these works in the application of the outlay of one

million per annum. Thus no more ultimate capital would be ex-

pended, and the lines, as they were finished, would be a source of

convenience and possible profit, instead of being a cause of current

outlay. Another plan, and that adapted to the meanest capacity,

would be to invest ten millions sterling in the Indian Eailway

stocks at five per cent., reinvesting the annual income. Thus,

in fourteen years, the ten millions would grow to twenty millions,

and if judiciously applied would finish the lines by the end of

twenty years as originally projected, whilst ten millions of money
would be saved, being equal to the anticipated but illusive saving

to be effected by introducing the narrow gauge in India.

It had been part of his duty to frame a contract for the con-

struction of the Delhi railway. That was to some extent an

experimental work. The line had to cross several very large

Indian rivers, with regard to the special features of which

no reliable and definite information could be obtained ; they

had to some extent to grope their way in the dark ; and,

in order to mitigate the risk to the Company, it was his desire

to secure the skill and attention of the Contractors in aid of

the work by making them liable for the maintenance of all the

work, including the bridges, for a period of three years. The
contract was sent out to India to be approved by the authorities

there, and it came back with the remark, " The charge for main-

tenance, both as regards time and amount, is too great. Three

years is unusual, and in such a climate two years even is excessive."

No doubt, in the opinion and experience of the ' Eeporter,' this was

true ; because the gentleman had never had any experience. He
was like the Irish fiddler, who did not know whether he could play

or not, because he had never tried. But in the case of the bridges

which were injured by a flood, the shortening of the period of

maintenance, from three years to one }'ear, involved a loss of

£200,000, which would have been entirely obviated by the pay-
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ment, imder the arrangement objected to, of a sum of £90,000,

from which, there would have been deducted the actual cost the

Company had incurred for two years' maintenance of the rest of the

line of, say 300 miles in length, which would have reduced it by
a very substantial amount.

In another case, a gentleman in high position at Bombay, was
directed to advise upon what economy could be effected in the

working of the Indus flotilla. That was a mixed question of

economy and commercial return ; but what he had to look to had

nothing to do with the convenience of the public or the commerce

—the only thing to be considered was positive saving, and on that

point, the report which was made, dated 1st April, 1870, stated:

—

" There are no objections to Captain Wood continuing to dis-

patch boats from Kotree as soon as he has obtained a full cargo

;

but he should report whether it would not be expedient to make
the filling of vessels with cargo the sole condition of departure

instead of endeavouring to maintain a fortnightly service. The
sooner it appears to Government, that the flotilla is reduced to

a strictly commercial service, the better is the prospect of a re-

munerative return."

These were samples of the way in which these things were in-

vestigated in India, but he did not know that they could very well

be avoided, because on the inauguration of the railway system

the Indian Government enforced upon a very intelligent and

able body of men conditions of service which it was impossible

effectually to comply with. For instance, they took a military

gentleman, who came probably from the building of a barrack,

or a church, or some other useful employment, to try his hand at

railways. The position was entirely new to him. He had to

grope his way, and in time he obtained some practical knowledge;

but on promotion he would be removed, and another officer came

in his place; so that no responsibility could be fixed upon those

gentlemen ; and unless a man had an ample knowledge of every

branch of engineering the result must necessarily be disappointing.

Owing to these circumstances, a vast increase of expense had been

thrown upon the Indian railways and the public works in general,

which might have been avoided .had a more efiicient system been

adopted.

On the question of this metre gauge, a 3 ft. 6 in. gauge was
first talked of, and was then suddenly altered into the metre gauge,

for what reason nobody had yet explained. The only reason that

suggested itself was, that it had an appearance of science about

it. It was very scientific to say, " This is the ten-millionth part
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of the quadrant of the earth's circumference," and that might he

the foundation for this arbitrary metre gauge. All he had to

say about it was that, apart from the question of rolling stock,

the alleged saving in bridges, earthwork, and other construction,

was altogether illusory. In order to obviate the objections to the

narrow-gauge stock, as originally designed to meet the exigencies

of military transport, the rolling stock, as now designed, was
nearly, if not quite, as wide as that on the ordinary gauge. This

at once disposed of a large part of the alleged saving ; for, as this

extra width could only be attained by making the frames overhang

the rails 1 ft. Ig in. more than at present, much more strain

was thrown on the rails, and much more wear was occasioned to

the wagons. The carriages themselves involved extra cost of

maintenance, which it was impossible to estimate ; in fact, the

width of the formation of the excavations, as well as of the

bridges, both over and under, could not, in practice, be reduced

below that of the ordinary gauge ; so that a similarity must exist

in all particulars, save that of the mere width between the rails.

Mr. Bidder would now only ask the attention of the meeting to

an extract from the last report, from the able pen of Mr. Juland

Danvers, made in 1872 :

—

" A great deal has been said lately about the burthen thrown

upon the Indian revenues by the railways, in consequence of their

failure to earn the amount paid by Government for the guaran-

teed interest upon the caj)ital. This result is no doubt greatly to

be lamented, and is contrary to the expectations of those who
advocated and sanctioned the existing system. But taking a

broad view of the subject, these undertakings may claim, as a

set-oif against their shortcomings, credit for many direct and

indirect benefits which they have produced.
" To say nothing of the moral and social improvements, which

as civilizing agents, they have conferred on the country, there can

be no doubt that railways have added to its security, have greatly

advanced the material prosperity of the people, and have been the

means of increasing the revenue and of saving much exjienditure,

both on account of the army and post-office. They are still in their

infa,ncy, and their direct contributions to the revenue are capable

of expansion. Experience has taught us lessons, and we have paid

for them ; but I venture to think that there is more ground of

hope for the future, than regret for the past. And as regards the

present, difficulties and uncertainty should furnish a strong in-

centive to skilful administration and increased exertion."

With these words he entii'ely agreed ; and he hoped the increase
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ill the prosperity of the Indian railways, and the advantages to

the proprietors, would not he arrested by the proposed introduc-

tion of a break of gauge, which could only be characterised as a

calamity, as grievous, with regard to railways in India, as it had
been in this country.^

Major-General Strachey, E.E., F.E.S.—being unable, on account

of hoarseness, to make himself audible—handed in the following

written remarks, which, by permission of the President, were read

by the Secretary. He stated that he came forward in this dis-

cussion with some hesitation, and, perhaps, even with some
anxiety. He felt that he appeared under great disadvantage in

following some of the leaders of the Engineering profession,

men whose adverse opinion necessarily carried with it great

weight ; and that he was addressing an audience, the sympathies

of the majority of which were with his opponents. He was there,

having no authority to represent the views of the Government,

whose acts were in substance under discussion, but with the sense

that any failure on his part to carry conviction would be attributed,

not, as it should be, to his personal deficiencies, but to the cause

itself. However, he was conscious that, under the circumstances

of the case, it had become necessary for him to take a share in

the discussion, and he accordingly did so.

' Since the conchision of the discussion it has been ascertained that on the

11th of March, 1873, a return was made to the House of Commons, signed by

Mr. Thornton, containing the following extract from a Minute of the late Lord

Dalhousie respecting the gauge of Indian railways :

—

" Extract Minute by the Earl of Dalhousie, Governor-General of India, dated

4th July, 1850.

" 32. The Court of Directors have recommended, at the same time, the use of

the narrow gauge of 4 feet 8^ inches for the railway about to be constructed.

Although the letter of the Court recommends, but leaves to the Government of

India to determine as to the gauge which shoiild be adopted on this occasion, I

consider the question to be one of such moment as to deserve a careful considera-

tion and an authoritative and conclusive decision by the highest authority con-

nected with the Indian Empire, who alone can have access to that full informa-

tion and extended experience which would make such a decision really and

satisfactorily conclusive.

" 33. The British Legislature fell unconsciously, and perhaps unavoidably, into

the mischievous error of permitting the introduction of two gauges into the

United Kingdom. The numerous and grievous evils which arose from that per-

mission are well known, and will long be felt throughout all England. The

Government of India has it in its power, and no doubt will carefully provide, that

however widely the railway system may be extended in this Empire in the time

to come, these great evils shall be averted, and that uniformity of gauge shall be

rigidly enforced from the first."

—

Vide Appendix I.
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Before proceeding to the more special matter in hand, he would
say a few words as to the manner in which the question before the

Meeting bad been treated by the gentlemen who had preceded him.

They had, as it appeared to him, spoken, if not with an ex-

pressed, at all events with an implied sentiment, that the Govern-
ment of India should submit itself to the judgment of the

Institution, or of English engineers, in respect to the course it

had taken in adopting the narrow gauge in India. There had
been a sort of assumption that English civil engineers were, in

such a question as that before the Meeting, the fit persons not

only to advise but to determine, and that engineering experience

obtained in England was the only qualification of any value in

dealing with the details under discussion. There had been no indi-

cation that other considerations were involved in the policy of the

Government than those of a technical nature. There had been no
recognition that the circumstances of India had any important

bearing on the questions at issue. There had been no suggestion

that persons who had passed a large part of their lives in India

might be better able to judge of the wants and capabilities of that

country, than those who had never even seen it. There had been

no account taken of the probability that those who were responsible

for the government of that country, and who alone could have at

their command all the various available sources of information

regarding its political, social, material, and financial condition,

must be the proper persons to decide such a question as this ; and
that it would be a complete inversion of parts for the Government
to supply its general knowledge to professional critics, and to leave

to them the guidance of its policy.

He felt the highest respect for the judgment of the leading

civil engineers of this country, and he assented to a large part of

what had been said in the discussion by Mr. Harrison and by
Mr. Hawkshaw ; but he could not admit the necessary applicability

of many of their doctrines to every case ; and as regarded the

present case he denied the applicability of much that had been

said. He must affirm, as a general principle, applying to all

branches of the gauge discussion, that experience based on one set

of conditions was not conclusive under totally different conditions.

In truth, the correct presumption, where conditions differed greatly,

was, that results would also diff"er greatly. When, therefore, the

Government of India and its advisers were more or less directly

charged with want of due regai'd to professional considerations,

based on English experience, he did not hesitate to retort, that,

whatever might be the technical knowledge of the critics, they
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did not possess such a knowledge of Indian local conditions, or of

tlie practical administration of a great country, as to render their

opinion more than one of the elements—though an important one

—in the consideration of the question. Further, he was convinced

that the serious financial failure of the Indian railway system

—

for that it had failed financially was beyond question—had been

caused by the want of subordination of European technical skill

to a proper perception of local wants and resources ; and the lesson

that he necessarily drew from that conviction was, that the pro-

gress of railway construction in India should be brought much
more completely under the control of the responsible government

of the country than had hitherto been the case.

The Government of India had thus summed up the grounds on

which it had resolved to adopt the narrow gauge for the railways

between Lahore and Peshawur, and Mooltan and Kotree :
—" We

are satisfied that the economy likely to be obtained from the adop-

tion of the narrow gauge will justify our accepting the break of

gauge at Lahore, with such inconveniences as it involves." This,

he believed, quite fairly stated the case. That certain incon-

veniences might be caused by a break of gauge was not denied,

but the advantage to be secured, by economy of construction was
said to be such as to justify the conclusion come to.

The Paper under discussion had for its object the elucidation,

from the Author's point of view, of the facts on which such a con-

clusion might be supported. The reply that had been given to

the Author, by the gentlemen who had already taken part in the

discussion, had been directed to the object of showing that on the

Author's data the saving of money by the adoption of the narrow

gauge woiild not by any means amount to what had been re-

presented in the Paper, and, in fact, that it would be insignifi-

cant ; while the objections to the break of gauge were little short

of insuperable.

Now he would at once recognise that the Author's adversaries

had, at all events, some appearance of success in their criticism of

the first part of the Author's argument; namely, that which

related to the supposed superior economy of the narrow-gauge

system. But this advantage was not substantial, and, so far as it

had gone, had been gained over the Author's way of stating his

case, and in no way disturbed the essential conclusion affirmed by

the Government of India.

Befoie going on to state the grounds on which he rested this

remark, he thought it would be desirable for him to show what

was likely to be required of an Indian narrow-gauge railwa}', and
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to what extent it would be able to meet those requirements. If

the metre-gange lines, as now being constructed, were not fully

able to carry all the traffic likely to be brought upon them, the

whole argument in their favour would be at an end ; but he would

show how questions on that point might be met.

It had been ascertained that the total traffic of the East Indian

railway, the heaviest worked line in India, might be taken to be

about equal to 840 tons of goods, and 1,06-4 passengers, carried

over every mile of railway in 24 hours. Also, it had been found

that, taking the combined passenger traffic and goods traffic, the

average load of an East Indian train was about 71 tons of goods,

together with 89 passengers, which, for the present argument, might

be considered as carried in a mixed train.

Supposing, further, the passengers to be equally divided be-

tween the up and down traffic, and the goods to be carried in the

approximate proportion that actually held in the two directions,

about 6 trains, such as he had described, in both directions, would

suffice to do the work.

Now if a narrow-gauge railway, such as those actually under

construction at the joresent time in India, were set to carry this

traffic, it would be found that the load of an average East Indian

train could be conveyed in about 14 narrow-gauge wagons and
3 narrow-gauge passenger cariiages, of the pattern now being

supplied—that was supposing all the wagons and carriages to be

run full. If the vehicles were supposed to carry only half their

full loads, double the number of such trains would be reqiiired to

that actually run on the East Indian line. Such a narrow-gauge

train as he was speaking of would consist of, say, 18 vehicles,

including a brake-van, and, if full, might weigh in the gross

144 tons. With vehicles half full the load might be about

100 tons. One of the 12-ton engines recently made for the Indian

narrow-gauge lines would suffice to draw such loads on the

ordinary easy gradients of Indian lines.

Hence it followed that the whole traffic of the East Indian

railway, as now existing, might be carried on a line of narrow-

gauge railway, with an average of 12 trains a day each way, such

trains running half empty. As such a condition of things could

not possibly be necessary, and as 2 engines could be combined,

or 18-ton engines and 24-ton engines could easily be provided if

desired, there coiild be no room to doubt that the narrow-gauo-e

lines, as now being constructed, and doubled when necessary,

were qiiite capable of carr^'ing the heaviest traffic now existing in

India, or ever likely to be brought on them.

[1872-73. N.S.] s
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The narrow-gauge wagons and passenger vehicles were quite

able to carry what was required, whether merchandise, or military

equipments, or stores—the heaviest siege gun with its carriage

did not weigh 5 tons—or that was or could he carried on the

5 ft. 6 in. gauge ; and the only real difference between the gauges

in that respect was, that more vehicles were required on the narrow

gauge than on the broad gauge, to contain a given weight of goods.

Under these circumstances it seemed quite opposed to fact to speak

of the metre-gauge lines as ' toy ' railways, or as being weak
with reference to the actual traffic to be carried on them.

Having, as he believed, thus fully established the sufficiency of

the narrow-gauge lines under construction for all that was required

of them, he would discuss the question of their cost as compared

with that of broad-gauge lines.

It was first essential to inquire whether the estimates, that

had up to the present stage of the discussion been referred to,

properly represented the cost of the railways that would have been

constructed between Lahore and Peshawur, and between Kotree

and Mooltan, if, on the one hand, the narrow gauge had been

adopted, and on the other, if it had not. To this inquiry only one

answer could be given, namely, that those estimates were utterly

worthless for the object in view ; that they did not in any way
represent the financial consequences of the alternative systems of

construction, and that the conclusions of the Government of India

were not based upon them or anything like them.

The Author, giving what might be termed a logical turn to his

argument, had endeavoured, and General Strachey thought with

complete success, to show that even on the figures which had been

put forward by the opponents of the narrow gauge in the present

case, an important pecuniary gain would have been secured by the

adoption of the narrow gauge. Rejecting those figures as wholly

inapplicable. General Strachey asserted that the financial advantage,

that had in fact been sectired, was very great, and that it would

full}^ justify the conclusion that had 'been come to by the Indian

Government.

The estimates referred to were based on a 40 lbs. rail for the

narrow gauge, and a 42 lbs. rail or a 45 lbs. rail for the broad gauge,

and, so far as he could judge, corresponding loads for the bridges,

thereby implying that the alternatives between which the Govern-

ment had really made a selection, were lines thus to be designed.

He denied this emphatically. It was certain as a matter of fact,

which he challenged any one to disprove, or even to question with a

show of reason, that if the broad gauge had been adopted the rails
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would not have "been lighter than 60 lbs. to the yard, and that the

general characteristics of the lines and the stock, engines, as well

as vehicles, in use on the neighbonring bi'oad-gauge lines would

also have been accejjted, and that all the bridges would have been

designed to carry the heavy loads of that gauge, instead of the

reduced loads of the narrow gauge.

He was at the present moment stating what would have been,

as distinguished from what might have been, and he positively

asserted that the question which the Government of India had to

decide was this :
—" Shall we accept a narrow gauge with all pos-

sible economy, subject to such inconveniences as a break of gauge

at Lahore involves ; or shall we preserve the continuity of gauge,

and provide for the free passage of the stock of the existing broad-

gauge railways to meet possible military exigencies, by the

adoption of the broad gauge in its existing form for the lines to

be made on the Punjab frontier ?" The idea of a compromise

between the two plans which should give some of the advantages,

while it had some of the disadvantages of both, did not appear to

meet the real question at issue, and did not come seriously under

the consideration of the Government.

As a fact the construction of the Lahore and Peshawur line had

actually been begun on the broad gauge before the question of

adopting the narrow gauge was raised, and 100 miles of 60 lbs.

rails were ordered, and the original designs of the bridges were

prepared on the regular broad-gauge standard of strength.

For these reasons it seemed to him to be placed beyond disi3ute,

that the actual saving that would be obtained, by the adoption of

the narrow gauge in the Punjab, coiild not be reckoned at a smaller

sum than from £1,000 to £1,500 per mile on account of permanent

way, and from 30 jDer cent, to 40 per cent, on the cost of the iron-

work of all bridges, besides minor economies of various sorts, into

which it was needless to enter in detail.

For the Lahore and Peshawur line, on a length of 270 miles,

the saving on permanent way would amount to about £350,000,

and on the bridges perhaps to £250,000, or together £600,000. On
the whole he consideied that the total economy might be about

three-quarters of a million. The 490 miles of the Indus Valley

railway would give a saving of not less than £500,000 on the

permanent way, and probably as much more on other items, or,

in all, about one million ; but the character of the works was not

yet sufficiently known to admit of any very precise statement

being made as to this line.

Against the savings thus attainable must be set off" the cost of

s 2
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the first change from the "broad gauge to the narrow gauge on the

line between Lahore and Peshawur, and the outlay necessary for

obviating a break of gauge between the new narrow-gauge lines

and the existing broad-gauge lines from Kurrachee to Kotree, and
from Mooltan to Lahore.

It was not now possible to estimate that charge in a definite way,

because it had not yet been determined what arrangements should

be made at the junctions between the new narrow-gauge lines and the

old broad-gauge lines. Taking the most unfavourable view of the

case, it seemed impossible to suppose that a greater outlay than

£500,000 could be necessary ; which would still leave a total

advantage on the Punjab lines of about £1,000,000.

Those figures did not take into consideration the greater economy
of maintenance on the narrow-gauge lines, which would probably

be in proportion to their greater economy in first cost. It was
difficult to estimate that element of saving at present with any
useful amount of precision; nor did he think that account of it

could properly be taken in this discussion, as it did not concern

the capital outlay. Mr. Hawkshaw, however, had reckoned it to

be equal to the whole saving on the first cost of the permanent

way, and on this standard the additional amount to be credited

to the narrow-gauge lines would be more than three-quarters of a

million, thus raising the whole saving to about two millions.

But he readily admitted that he did not attach any particular

weight to the exact amount thus arrived at. What he desired

to affirm was that there seemed complete evidence of a very impor-

tant saving, due to the adoption of the narrow gauge; and that

the only countervailing disadvantage, the break of gauge, was not

one which would, under the actual circumstances of the traffic,

render the saving illusory or nugatory.

So far as the interests of commerce were concerned, he entirely

agreed with the Author that a single break of gauge at Lahore

between the lines down the Indus Valley and up to Peshawur, and

those leading to Delhi and the eastward, might be altogether

disregarded. Even the double break that would be caused by the

interposition of the metre gauge between Kotree and Mooltan, if

no change whatever were made in the existing broad-gauge lines,

he should regard commercially as of little importance. The cost of

the transfer of goods would be very much more than compensated

by the reduced interest on the capital saved. It was not in the

least to the point that a break of gauge in England, under

circumstances of a totally different nature, had been found to be

intolerable. To complain of the injury done to the traffic on the
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Indus Valley railway because vehicles started from Delhi, for

instance, would not he ahle to j^ass to Kurrachee, would not he less

visionary than a similar complaint as to interchange of traffic

between Eussia and Spain. No tendency to any such traffic could

arise that would have the smallest practical importance.

As to the railway from Lahore to Peshawur, it was equally

visionary to anticipate any export traffic except of the smallest

amount. There was hardly any cart traffic in the districts west
of the Eavee, and beyond the Jhelum that sort of conveyance was
impossible, except along the lino of road now to be occupied by
the railway. As to the import trade from the west, the one item

of any importance would be salt. Now the retail selling price

of salt in the districts of the North-Western Provinces, where the

more important consumption took place, varied from 3 rupees to

4 rupees per maund, or say from 160 shillings to 200 shillings

per ton. If the cost of transfer at Lahore, from the narrow-gauge

wagons that brought it from the mines to the broad-gauge wagons
that carried it on to the markets for it in the east, amounted to 4d.

per ton, the result would be an increase to the retail price of no more
than from ^ per cent, to ^ per cent., a quantity quite inappreciable.

If any one thought 4d. per ton too little for the cost of transfer,

he could readily correct the calculation ; but the most extravagant

estimate would not raise the charge to 1 per cent, on the selling

price.

He was somewhat at a loss to follow Mr. Hawkshaw's remarks

as to the necessary evil of break of gauge apart from the extent

and nature of the traffic ; and such extreme doctrines as that gen-

tleman appeared to advocate struck him as little less ludicrous than

an assertion, that the original cost of loading goods into wagons

rendered railway transport in all cases commercially impossible,

because this might be true in some extreme case.

As to the eflect of the break of gauge on possible military

operations in the Punjab, he agreed entirely with the Author.

To argue on this point from any experience obtained from military

operations in Europe, without a careful discrimination of the fea-

tures which would be alike and different in any possible war on

the Punjab frontier, could lead to no conclusions of any vahie.

He should not attempt to enlarge on the possibilities of war in

India, or to imagine the circumstances under which troops or

military stores might have to be moved by railway in that country.

All that he need say was, that the narrow-gauge lines under con-

struction would be as efficient in the transport of troops and stores,

within the practical necessities of the case, as any broad-gauge
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line that could be made, witliout going to an expense vastly

in excess of anything that had ever been seriously suggested.

A single line of railway, having very severe gradients for a

-considerable part of its length, could not be regarded as an efficient

instrument for moving large bodies of trooj^s, accompanied by

horses and guns, and the other impedimenta of an Indian army;

and this was equally true of a 5 ft. 6 in.-gauge as of a metre-gauge

line. On the other hand, as far as the supply of stores was concerned,

the narrowest-gauge line ever constructed would readily meet all

the demands of any army that was ever likely to be put in the field

on the Punjab frontier.

It was not to be supposed that he denied the general advan-

tage of continuity of gauge and the corresponding disadvantage of

break of gauge—very far from it. If the 5 ft. 6 in. gauge could have

been retained consistently with other necessities of the case, no

one would ever have projDOsed a change. Now what were the

facts? Having provided about 5,000 miles of railway, the country

found itself burdened with an annual payment of one million and

three-quarters in respect of those lines, in excess of all receipts,

and with little prosjoect of any early or considerable relief from

this heavy financial burden. Further, it was apparent that under

the existing system of construction and management, it could

hardly be expected that any more railways could be made without

leading to a permanent charge on the revenues of from 2 per cent,

to 3 per cent, on the whole capital outlay required. It was under

these circumstances that the Government of India, seeing the great

importance of the extension of railways, determined to seek some

more economical system under which this extension might become

possible. The conclusions come to were, that all lines should in

the future be carried out without the intervention of companies,

and that the outlay on construction should be reduced to a

minimum, by the adoption of the narrowest gauge and the lightest

rails and rolling-stock, compatible with the requirements of

Indian traffic.

Now it was not to be supposed that so serious a change could be

made without strong opjiosition. It would also be apparent how
the two parts of the policy of the Government—the suppression

of the companies and the change of gauge—were almost neces-

sarily bound up together, particularly in the outset, and with

respect to those districts where existing companies supposed they

had claims to carry out suggested extensions. The success of the

new policy of the Government depended on its being applied on

a large and consistent plan ; and any hesitation in applying it on
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the first occasiou ou which it seemed likely to he productive of

decided economy would very possibly have led to its total mis-

carriage. It could not he admitted that the economy likely ta

be obtained by the new policy of the Government would be limited

to the saving of fii'st cost on the new lines of railway, though this

alone would fully have justified it. The economy due to the

change of system of management must not be lost sight of as an
essential part of the plan. Therefore, in order to estimate the

whole financial advantage of the new policy in the Punjab, a

question of great complexity had to be dealt with, which, though
it related to engineering operations, involved grave considerations

of financial and political importance, and thus became one of

general administrative policy.

The responsibility for coming to a decision on this question rested

with the Government of Lord Mayo and the Duke of Argyll ; and

their decision was in favour of the system of construction which

the Indian Government began to carry out about two years ago.

It might also be observed, that the course which the Government of

India had thus felt itself compelled to adopt, was that which other

poor countries had also lately adopted in many other parts of the

world where, as in India, capital could only be obtained from

foreigners and on an absolute guarantee of interest, and where the

traffic prospects were poor. The recent development of narrow-

gauge railways in the southern parts of the United States of America

showed that the experience of that great commercial countiy was
not in opposition to the adoption of cheap lines of railway, involv-

ing break of gauge, under certain conditions of traffic and first cost.

Although there were many other develoj)ments of the subject

which might have served, in his own opinion, to strengthen his

argument, he felt that he should not be justified in further intruding

on the patience of the Meeting, except in relation to one or two
matters from which the course of his argument had gradually led

him away.

First, as to the proposals that had been made, that broad-gauge

lines should be constructed with light rails, say from 42 lbs. per

yard to 45 ll)s. per yard, in preference to lines of a narrower gauge.

He had said, in relation to the Punjab lines, that the alternative

did not, in fact, arise ; but the objection that existed in that case

would not necessarily apply in others. If required to state shortly

his own conclusions on that point, he should say that the narrower

gauge necessarily possessed a certain amount of financial advan-

tage ; and th'at if 45 lbs. rails or 42 lbs. rails were suited for wagons
carrying 10 tons on 4 wheels, such as those of the broad gauge.
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a far lighter rail would suffice for wagons carrying, on the same

mimher of wheels, only half that load ; and that the assumption

by the advocates of the light broad-gauge lines that the narrow-

gauge lines must have 40 lbs. rails, was untenable, and their com-

parative estimates based on that assumption worthless.

Further, he concluded that the presumption, in such a country as

India, would be in favour of a narrow-gauge line, if the length of

it was such as to justify a break of gauge, having regard to the

probable traffic ; or if, from the nature of the case, there was an

obligatory break of gauge, caused by a great river virtually im-

passable, or by some other physical obstacle. For short isolated

branches for broad-gauge lines, a broad gauge would still be

essential.

He considered that for Indian traffic there was a decided and

substantial advantage in the use of the smaller vehicles of the

narrower gauge, and that this advantage would be greater in pro-

portion to the smallness of the traffic.

At any time the doubling of a narrow-gauge line would give an

almost indefinite expansion to its carrying capacity—as referred to

an Indian standard— at an additional cost that would be small;

and long before the carrying power of a single line was exhausted,

the interest on the capital outlay would be covered, and it would

have become financially productive and able to pay for its im-

provement.

Next he would say a word as to the manner in which these pro-

posals to adopt light broad-gauge lines had been brought forward.

Until the Government of India announced its intention of carrying

out narrow-gauge railways, as the only apparent means of ob-

taining cheap railways, none of the Engineers of the Indian lines

—exclusive of the Oudh and Eohilkund Company and the Indian

Tramway Company—suggested the construction of light or cheap

lines, or admitted that they were possible. Long after the neces-

sity for reducing the cost of Indian railways had been strongly

asserted by the Government, the projects and estimates prepared

by the engineers of the guaranteed lines continued to maintain

their old character. Without going back to the history of the

first-constructed broad-gauge lines (or even of those which, like

the Delhi and Lahore line, served to bring the Government to

adopt its present railway policy), it would be found that the latest

project for the broad-gauge line along the Indus Yalley, which had

been superseded by the narrow gauge, was to have cost more than

£11,000 per mile. The proposed lines in Eajpootana were set

down at from £12,000 per mile to £14,000 per mile. A line pro-
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jected between the two branches of the Great Indian Peninsula

Railway was estimated at £12,500 per mile, and rejected by the

Government as financially impossible, without any proposal on the

part of the engineers that it could be constructed for a smaller

sum ; and this list could be extended. He stated without hesitation

that in all those cases the corresponding cost of a siiitable narrow-

gauge line would not exceed £7,000 per mile, and might be less.

He made no complaint on that score ; but he drew attention to

the fact, that it was now asserted that those lines might be made
on the broad gauge virtually as cheaply as on the narrow gauge, and
that this remarkable change of oj^inion was coincident with the

announcement of the change of the policy of the Government.

So that the Indian Government might congratulate itself on the

happy conclusion that, whatever might be the waste which, accord-

ing to its opponents, would accompany the adoption of the narrow
gauge, its adoption had, at all events, had the effect of opening

the eyes of the broad-gauge engineers to possibilities of economy
in the construction of such lines, of which they before had no
conception.

Mr. G. B. Bruce said they were much indebted to General

Strachey for having stated so fully, so clearly, and so fearlessly

his own views upon this important matter ; and knowing, as they

all did, the part which General Strachey had taken in India in

connection with this case, it was extremely important they should

have from him a clear and explicit statement of his own views,

and the grounds for the conclusions at which he had arrived.

"With regard to the first statement in his communication, in

which General Strachey said this Institution seemed to think the

Government ought to be guided by the opinions of the Civil

Engineers, he had assumed, in the first place, that the gauntlet

was thrown down by the Institution or by those who, like Mr. Bruce,

held it was a mistaken policy to introduce a break of gauge. This

was not the case. The discussion was introduced here fairly and
fully by a conspicuous member of the Indian service—holding a

high place at the India Office—bringing a Paper before the Insti-

tution ; therefore, when that Paper came to be discussed, the

Government must not be surprised, and he thought this Institution

was not liable to blame, when it was found the discussion turned

almost entirely upon purely technical questions. There were good

reasons why it should do so. The Author had based his argu-

ments entirely upon technical grounds. He told them that " the

one solitary reason of the Indian Government for adopting a

narrow gauge was belief in its superior economy." He did not say
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one word about policy, or about the blindness of men who had not

been in India to understand Indian affairs, but he confined himself

simply to the question of cost. To that point Mr. Hari4son,

Mr. Hawkshaw, and Mr. Bidder had applied themselves, faiily

and properly, because it was strictly within, and did not go beyond,

the limits of the Paper.

They were told that the smallness of the traffic was a good

reason why there should be a narrow gauge. He thought General

Strachey was about twenty-five years too late in telling them

that. The question now was, not to fix a gauge for the first time,

but whether, having made 5,000 miles of railways on a certain

gauge they were to introduce a new gauge, and whether the

saving thus eflected would compensate for the evils which were

admitted to be inherent in a break of gauge. Therefore smallness

of trafiic was not the question, unless it could be shown that the

difference of price was very considerable. It was stated that the

question which had to be decided was, not whether there was to

be a light broad gauge, but a light narrow gauge or a heavy broad

gauge. Kow, Mr. Bruce thought if the Government authorities,

finding themselves in difficulty as to how these railways would be

constructed cheaply, had allowed others to suggest how it could be

done, he was satisfied some mode of doing so would have been fully

laid before them ; and as to anything that could be said against

making the wider gauge with light rails, and working it with

light rolling-stock, Mr. Harrison had told the meeting that the

standard gauge in this country was for years laid with light rails,

and was for years worked with light rolling-stock. Thirty years ago

some engines were put upon the Grand Junction Railway which
were objected to on the ground that they weighed a little more than

16 tons, which was less than the weight of the proposed Indian

narrow-gauge locomotives. The engines he alluded to had for a

time worked the great traffic of this country, and it would be easy

to use the same kind of engines on the ordinary standard gauge of

India. General Strachey however assumed, that with the wide

gaiige they must necessarily have heavy engines, and therefore

they were obliged to have heavier rails on the broad gauge than

on the light ; and then he suggested the question. Why did not

you gentlemen suggest that these rails should be laid so in the

first instance ? Mr. Bruce had some experience of Indian railway

economy, and, generally speaking, it had not been, at least so far as

regarded the Govermental bodies, satisfactory ; in fact, there was a

decided dislike in all large bodies like a Government to allow

anything to be done out of the ordinary way ; and if the sug-
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gestion to lay down a portion of a line with 40 lbs. rails, as now
proposed, had originally been made, the rejjly probably would have

been, " We don't see the use of it ; do as you have been doing

hitherto."

General Strachey had stated that the narrow-gauge line could

be made for £7,000 per mile. Mr. Bruce thought some Members
of the Institution had constructed railways on the 5 ft, 6 in. gauge
for that amount per mile, or even less ; therefore there was nothing

new in the proposition. It had been done already by gentlemen
then present ; in fact, he had done it himself on a line not far

distant from the sea ; although the question of transport of the

rails was not a serious item. He did not recollect the price of the

rails, but that would affect both cases in the same way.
He had carefully followed the remarks made by General Strachey,

and he would especially guard himself against appearing to be

the opponent of any gauge. He believed in all gauges, and he
thought every wise man did the same ; and where it was found, as

in the cases alluded to, in many of the colonies and in other places,

that the narrow gauge had been selected, and it had been carried

out largely, he would as much oppose the introduction of a wider

gauge to interfere with the uniformity of the narrow gauge as he

would in India oppose the introduction of the narrow gauge to

interfere with the broad gauge. The principle he held was this :

That in a country which had decided upon a particular gauge, and

which gauge was to a considerable extent carried out, it was ex-

tremely unwise to alter it, because the difference in cost was so

trifling as compared with the disadvantages of a break of gauge.

In some cases it might be a question of railway or no railway

;

and no doubt there were instances where a small saving might

present that alternative. That was not the case in India, and

thex-e was no difficulty in finding money for the construction of

railways there.

It was stated that 4(Z. per ton represented the money value of

a break of gauge. He would like to ask Mr. Grierson whether

4:d. per ton, or anything like it, or even whether any money value

could represent the disturbance of traffic? if it had done so, the

Great Western would have continued to allow the large traffic to

go past them, as they had done for a quarter of a centiiry, to be

carried by their neighbours ? It was not merely money value ; it

was the disturbance of traffic, which they could not estimate at

4:d. per ton, or any other sum.

Apart from local questions, Avith regard to the Punjab, the Author

appeared to have based his statement of an alleged saving of
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£1,000 per mile by taking the estimates of Mr. Hawkshaw and
Mr. Fowler, and adding to them items which one or other of those

gentlemen repudiated. He had not before him Mr. Hawkshaw's
estimate, but, with regard to Mr. Fowler's estimate, there were one

or two points to which he would draw attention. First, Mr. Fowler's

estimate was a comparison between a 5 ft. 6 in. gauge and a 3 ft.

6 in. gauge. He gave a width of embankment for the wide
gauge of 14 ft., and for the narrow gauge of 10 ft. 6 in.; that was,

he made the embankment 3 ft. 6 in. wider for a difference of 2 ft.

in the gauge. He should like to know what was the object of that ?

There was no sense in it. Then, as to sleepers, Mr. Fowler gave a

sleeper of 8 ft. 6 in. for the wide gauge, and of 6 ft. 3 in. for the

narrow ; again, a difference of 2 ft. 3 in. for an increased gauge
of 2 ft. He thought there was no sense in that. Then, again,

with regard to ballast, Mr. Fowler told them they must have a depth

of 9 in. of ballast under the sleepers of the wide gauge, and of

6 in. under the sleepers of the narrow gauge. Mr. Bruce main-

tained it should be exactly the other way—that it was more
necessary to have the road good on the narrow than on the broad

gauge. He would instance in the one case a broad-gauge carriage,

and in the other a narrow-gauge carriage, each having one of the

rails under it depressed to the extent of 2 in. The deflection of a

rail to that extent on a narrow gauge would throw the carriage

over into a position of danger, whereas such a deflection on the

broad gauge would simply make it a little oscillating in its motion.

I'hat being the case, it was the more necessary to have the road

well ballasted and supported on a narrow gauge than on a wide

gauge ; therefore, if any difference was made in respect of the depth

of ballast, it should be exactly the reverse of what had been now
proposed.

It so happened that just now 216 miles of metre gauge were

being constructed in the south of India. He had obtained the

estimates of the line, and had examined them, to see what would be

the increased cost of making it on the broad-gauge system. This was

not a mere supposition, but a fact. The earthwork would come to

£33 per mile additional ; the ballast to £27 10s. ; sleepers, £99 ; that

was including freight to India, and carriage. The sleepers would

cost 9d. each more ; the iron girders would cost £10 per mile more.

The girders for the larger spans were designed to carry the road on

the tops of cross girders, and were 5 ft. 6 in. apart. There would

be nothing to do but to move the longitudinal bearers out, so as to

be immediately above the girders, and to widen the platforms, and

the extra masonry for that would cause an increase of £10 10s.
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per mile. Mr. Bruce put land at the same price as the Author,

namely, at £10 per mile, though Mr. Harrison showed it was more

like 10s. per mile. That made a total diflference of £190—say £200

—per mile, or, on 216 miles, of £43,200, as the total ahsolute saving

of cost upon that line ; and, supposing the line just paid its working

expenses, the 5 per cent, guarantee would be £2,160 a-year; or,

taking the normal condition of the railways as a whole—that they

earned 3 per cent., and the Government had to make good the

other 2 per cent.—it would cost the Government, or rather the

unfortunate ryots, ofwhom so much had been said, £864 per annum
to avoid break of gauge in that district of India. Applying this

fact to the 10,000 miles assumed by the Author, how did it work ?

It would be a saving of two millions, and, taking 2 per cent,

there again, that represented a saving to the Treasury of India

of only £40,000 per annum, against which they had to put all the

disadvantages of the break of gauge, which it was impossible to

calculate ; and he was certain, on facts like these, there could be

but one decision in this Institution. Ho had left out of that

calculation the additions of agencies and engineering, which, he

thought, was shown by Mr. Harrison, did not require to be con-

sidered at all, because it would virtually be the same. He had
likewise left out the £200 per mile added for curves, because they

knew that, in ninety-nine cases out of one hundred in India, in the

matter of such curves as they required, they would not save any-

thing at all. He had also omitted the £ 1 per mile for maintenance,

mentioned in Mr. Hawkshaw's report, for two reasons ; in the first

place, it was not first cost, and, in the second place, if they went
into maintenance they must take the other side of the ledger,

namely, what it took to maintain rolling-stock of that description

;

a much wider stock, and altogether a less mechanical stock, than

the railway companies were in the habit of using, the increased

maintenance of which might very soon occasion a loss of much
more than £10 per mile.

The Author based his Paper entirely on the difference in

width of gauge; he had left out of consideration the width of

carriages. Mr. Bruce maintained that width of vehicles was
a truer test of cost of line than the width of gauge. When an

ordinary metre-gauge carriage, constructed according to the Govern-

ment regulation, was contrasted with wagons on the 5 ft. 6 in. gauge

and on the 4 ft. 8^ in. gauge, it would be observed that, in the latter

two cases, the journals came directly under the top bars, leaving

proportionately little overhang in the wagons. Nobody could

persuade him that by the mere moving in of those wheels, in the
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case of the metre gauge, while the wagons themselves were kept

wide, the railway could be made any cheaper. The ordinary gauge

of a carriage like that for the metre gauge would be about 4 ft. 2 in.

to render it an equally mechanical construction as those on the

wider gauges.

A great deal had been said about economy in working, which, he

supposed, was based upon the old idea of the difference in weight

of stock. He had given attention to that point, and he made out,

that if the gauge was widened from 3 ft. 6 in. to 5 ft. 6 in.,

supposing the wheels to remain the same, as they were not an

element of the gauge, the weight of the wagon would be increased

about 4 cwts. ; and supposing the weight to have been 50 cwts.

originally, the weight would be increased by 8 per cent., and the

capacity by 24 per cent. ; and the increase in width of the carriages

would add 1 1 per cent, to the weight, whilst the capacity would be

increased 24 per cent. : so that, so far as the element of gauge was
concerned, there was nothing to be said, on that question, in favour

of the narrower gauge. It might be true that the wagons and

carriages were built a little too heavy, but that was not an element

inherent in or dependent on the gauge. The only allusion to the

working of the line was made by General Strachey. Mr. Bruce's

own impression was, that a most fallacious and absurd stress had
been laid upon the cheapness with which a narrow gauge could

be worked ; but he was prepared to waive that point, and not to

take it into consideration in either case. A great deal had been

said about the lines not paying; and they were told by the

Author that it was only a reasonable supposition that the rates

and fares of guaranteed railways were fixed with a yigw to

the production of the largest revenue. He did not think

Mr. Grierson would concur that he was free to develop the traffic

of the Great Western Eailway, to the fullest advantage for the

shareholders, if the Board of Trade, in addition to their present

powers, had the fixing also of the number of trains per day, the

time of leaving and the time of arrival, as well as the rates and
fares both of passengers and goods. No doubt these were fixed by
the Government as much as possible for the interests of the State,

not of the shareholders ; but he knew, without going into the

matter at length, many Indian railway managers demurred to the

idea that the traffic was worked to the best possible advantage

;

therefore there was good reason for supposing that the railways

had not reached their maximum, or that they had got all the trade

they would have, if the lines were worked on commercial principles.

There was no ground, therefore, in the present smallness of traffic
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for reverting to a narrow gaixge. The Author stated that it

was all very well to send their broad-gange wagons on to these

light broad-gange lines, and that in the event of war they would

get a good supply of wagons, but they would not get engines.

They knew very well they could not run broad-gauge engines

over 40-lbs. rails at high speed, but in an emergency they

could run those engines slowly, yet effectively ; and those who
understood how contractors ran heavy engines over light rails

would see that on an emergency it could be done in India, and

the whole broad-gauge stock of the country could be made avail-

able at any point, in case of war. It might be said—and was partly

said by General Strachey—that if these lines could be made so

cheaply as was stated, it was a pity it had not been already done.

Mr. Bruce thought the reason why these lines were to be made
cheaply, whereas the others had been made comparatively expen-

sively, was because there was a different code of rules drawn up in

the one case and in the other. He might mention, in the case of

the Madras railway, he wanted to build his stations with low plat-

forms. The Government thought it desirable to have high plat-

forms. He argued, what was good enough for England was good

enough for India ; but they would have high jjlatforms : con-

seqiiently the expense of the stations was increased in every way.

That showed the tendency had been to make everything on a

colossal scale, whereas the governmental ideas now tended in quite

the opposite direction. The true medium was perhaps just half-way.

He would venture to repeat that he thought the Government
of India having made 5,000 miles of railway, and having the

means of making as much more on the same gauge as they liked,

almost as cheaply as on the narrow gauge, it would be the worst

possible policy to construct those lines on the narrow gauge. He
was perfectlj^ certain—and he was confirmed in what he had said

—that the difference of amount was less than £200 per mile. He
was confirmed in this opinion by a letter from a Chief Engineer

in the south of India, in which he stated his belief that £200 per

mile was the whole amount of saving that would be effected by
the change.

Mr. Carl Pihl said he was not prepared to make any remarks
upon the Paper in reference to the general issues which had been

raised as regarded the railways of India, as he considered there were
not only technical, but also military and political considerations

involved, with which, as a stranger, he felt himself incompetent to

deal. But having had ten years' experience in the construction

and working of the narrow gauge in Xorwav. he could state that
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all parties felt it answered the purpose there, and the narrow-gauge
lines had been built considerably cheaper than those on the broad

gauged It was owing, no doubt, to the cheapness of construction

that Norway was indebted for even such railways as she had.

The traffic had not yet reached the present capabilities of the

railways, so that he did not see why, under similar circum-

stances, a cheap system of construction should not be adopted.

There was also a line of raihvay of 4 ft. 8-J in. gauge about 100

miles long in Norway, and they were about to make another

100 miles. The length of the narrow-gauge lines was about 200

miles, and another little line of 40 miles was to be made. With
reference to the difficulties and disadvantages of a break of gauge,

of course he could draw no comparison between the circumstances

of such a line as the Great Western and those which existed in

Norwaj^, where they had no such circumstance as the narrow gauge

competing in the same districts with the broad gauge ; and in

such a state of things no one could question the wisdom of abolish-

ing the exceptional gauge, and substituting the uniform gauge of

the country ; and that being done, the most important question

was the disposition of the rolling-stock of the broad gauge ; but

the adaptation of it to the narrow gauge was a much easier task

than that of expanding narrow gauge stock for adaptation to the

broad gauge.

There were at present in Norway about 100 miles of broad

gauge, and 100 more expected to be constructed ; whereas of the

narrow gauge there were about 200 miles in operation, 200 miles

under construction, and about as many more in contemplation.

In Norway a break of gauge between a narrow gauge of about

300 miles and a broad gauge of 42 miles in length would have to

be encountered, but in that case it was justified, as the inconvenience

of a break of gauge by no means balanced the economical advan-

tages which arose from the adoption of a cheap line for so great a

length. Though fully impressed with the inconveniences of a

break of gauge, he considered that question to be one that in all

cases had to be weighed in connection with the gains expected

from the change. He could therefore not see the justice in bring-

ing forth the experience from the Great Western as a warning

instance in every case, for there was no comparison between the

circumstances of such a line and those in Norway, or other countries

similarly situated. Under such a state of things as existed on the

Great Western Eailway of England, no one could question the

1 Vult also ante, p. 247, foot note.
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wisdom of abolishing the exceptional gauge and substituting the

uniform gauge of the country. In this case it should not be lost

sight of, that in that instance it was an already existing broad

road that had to be changed for a narrower one. That in itself

was a matter of no very great expense. It was the dealing with

the rolling-stock that was the real difficulty, but in that the

directors of the Great Western railway had no doubt for a

long time been prepared, and the change was no doulit

facilitated, and its expense lessened, by its being carried gradually

into operation in successive portions of the Great ^^^estern railway

system.

Mr. C. D. Fox said the Institution was indebted to the

Author for bringing forward, in this open arena of discussion,

a question which had hitherto been too much confined to

pamphlets, and in which, as it appeared to him, two very

different subjects, namely, that of gauge and that of light or

heavy construction, had become mixed up. Comparisons had been

made between the cost, both of construction and of working, of

different railways, from the Great Western railway of 7 ft. 1 in.

gauge, to the Festiniog line of 1 ft. 11 in. gauge; and, on reading

some of the arguments put forth and purporting to be based upon

such comparisons, one gathered that the difference of cost depended

entirely upon the gauge. The absurdity of such a notion need

not be commented upon.

With reference to the general question of the gauge of railways,

it was evidently impossible to lay down an empirical rule. He
would venture to suggest that, if an engineer was to do his duty

properly, he mixst have no foregone conclusions on this or on any

other question, his duty being to investigate the circumstances

of each case, and to apply his experience to those circumstances in

the best possible manner. Thus, if it was a question of high speed

and heavy traffic, he thought it would be agreed that the English

standard gauge of 4 ft. 8^ in. was in every way suitable. It

appeared to him a fact much to be regretted that in India, in

Canada, and in several of the colonies, and also in Ireland, a wide

gauge should have been adopted. The agitation for a narrower

gauge would probably hardly have arisen in connection with India,

had the standard gauge been the same as in England. But whilst

the English gauge was well adapted for its purpose, there were

countries and districts in which it was very important to keep

down the cost, and, in doing so, where circumstances had not

rendered such a step undesirable, he had found it advantageous

[1872-73. N.S.] T
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to adopt a narrower gauge. For instance, in the colony of Queens-

land the 3 ft. 6 in. gauge was adopted for the Government rail-

ways, 220 miles in length, with which he was connected, and it

had proved a great success, but in that instance the question of

break of gauge was not involved. In Canada likewise, the same
gauge had been adopted, under his advice, for 250 miles of railway

running from Toronto. In that instance break of gauge had to

be considered, but the circumstances were of a special nature.

On the one hand the standard gauge was 5 ft. 6 in., and on the

other, it was of the greatest importance that the new line should

be made with great economy ; and when he spoke of economy, he

*vas not dealing with such an amount as arose in the case of the

Indian railways, but with a question of a few hundred pounds per

mile. It was found that £3,000 per mile could be raised from the

resources of the country ; but that, if the cost came to £3,500 per

mile, it would be impossible at that time to construct the railway.

It was therefore necessary that everything should be done to keep

do-wn the cost to the smaller amount. The population of the

country was very thin, and there was no military question in-

volved—for, instead of running up to a frontier which was
threatened, as the northern frontier of India was, by a neigh-

bouring state of great military power, these lines ran from a

populated centre on the great chain of lakes up to the backwoods,

the object being to open up the country, and to carry population

where it did not exist, and in that way to add to the commercial

resources of the district. With regard to the Government rail-

ways of Norway, also on the 3 ft. 6 in. gauge, he had already

laid before the Institution^ a description of their salient points,

and, in justice to Mr. Carl Pihl, the Engineer for the Norwegian

Government on that line, it must be stated that it was he who,

long before the question of a narrow gauge had been brought

prominently forward, had worked out in very complete detail a

system of railways economical yet efficient, and thoroughly adapted

to the requirements of that country.

He considered that these and other railways of the 3 ft. 6 in. gauge

had demonstrated very completely the efficiency of that gauge,

when it was adopted under suitable circumstances ; but it would,

nevertheless, in his opinion be most injiidicious to introduce either

that, or any other gauge differing from that of the main lines, in

cases where the standard gauge was of moderate width, where

the branches to be constructed were comparatively short, where

' Vide Minutes of Proceedings Inst. C.E., vol. xxvi., page 49.
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the traffic was likely to be considerable, or where through com-

munications were important for military purposes.

This led him to make a few remarks upon the subject of a break

of gauge, upon which a great deal had been said, based upon the

experience of the Great Western Eailway Company. He quite

agreed with the remark of Mr. Pihl, that the prejudicial effects of

a break in the gauge of a system of railways must be measured b}''

the special circumstances of each case. These effects must be

serious where lines were short, where time was valuable, and

where, as in England under the admirable arrangements of the

clearing house, rapid interchange of rolling-stock was possible,

and still more serious, when, as in the case of the Great Western,

a railway suffering from a break of gauge was exposed to severe

com}5etition for through traffic from powerful rival lines having

but one gauge throughout, or when, as in India, the military

question had to be considered.

Such a break of gauge, however, became less important when it

only occurred once in a large system ; and in cases where time was
comparatively of small value, where no military question arose,

and where exchange of rolling-stock was from the great length

of the lines jiractically impossible, or of very rare occurrence.

And on this last point he would venture to state what had been

the experience of some of those who had had to do with the inter-

change of rolling-stock in America. It so happened that, until

lately, three lines, belonging to different companies, but of the

same 5 ft. 6 in. gauge, met at Toronto, in Canada, and yet the

inconveniences attending the exchange of stock were so great, that

there were very few instances of the cars of one company being

sent over the lines of the other companies. If a wagon were thus

sent, it was probably not seen again for weeks. The General

Superintendent of the Erie railway, a large and important system,

wrote thus :
—" I confidently believe that the experience of railroad

managers generally will bear me out in the remark, that a road

500 miles in length, with a gauge that does not correspond with
that of any independent line with which it connects, enjoys in this

particular an enviable position."

Even in this country the return of empty wagons had become
a serious matter, so much so indeed, that the North Eastern and
other companies in England were discouraging as much as possible

the use of private wagons on their lines. It would be interesting

to know to what extent wagons were run through without

Ijreaking bulk on the 5,000 miles of uniform gauge now existing

in India.
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Mention had been made of the alteration of the gaixge on a

considerable portion of the Great Western system in England. A
similar process had been in action on the Great Western railroad

in Canada, and on a portion of the Grand Trunk lines, where the

gauge had been altered from 5 ft. 6 in. to 4 ft. 8^ in., and on

the Ohio and the Mississippi railroad, which had been reduced

from 6 ft. to 4 ft. 9 in. It was worthy of notice that in each

case the change had been from a broad to a narrower gauge. In

the United States, where there were more than 50,000 miles of

railway of the 4 ft. 8^ in. or of wider gauge, lines of the 3 ft.

gauge were now being largely introduced in localities where great

economy was necessary. He, however, believed that it would

have proved more satisfactory had the gauge for these lines been

fixed at 3 ft. 6 in.

The capacity of the 3 ft. 6 in. gauge was a question upon

which he desired to say a few words, as it appeared to him there

was some misconception upon the point. He had read a very

elaborate argument against the narrow gauge, based upon a

maximum width of wagon of 4 ft. 9 in. He also understood

that the designs for the Indian State railways were based upon a

maximum width of only 6 ft. 6 in. This latter was the width

adopted for the Queensland railway, but the experience there

gained had enabled him to go as far as 8 ft. 6 in. in width on the

3 ft. 6 in. gauge in Canada, and on these railways the traffic was

carried by rolling-stock of which the following were examples

:

—Passenger cars upon the American system, 31 ft. long, 8 ft. 6

in. wide, and carrying 38 passengers. Freight cars, some 15 ft.

long by 8 ft. wide, carrying 12,000 lbs., others 30 ft. long by

7 ft. 6 in. wide, carrying 20,000 lbs. Locomotives on 6 wheels,

coupled, and a leading bogie, cylinders 14 in. by 20 in., weighing

26 tons, exclusive of the tender, and hauling 250 tons upon gradients

of 1 in 60 at speeds of 15 miles per hour; tenders carrying a

cord of wood and 1,000 gallons of water. This stock had been

found to work steadily, smoothly even at high rates of speed, and

round curves of 5 chains radius. The traffic in Canada consisted

largely of logs and sawn timber, flour in barrels, grain, and cattle

;

and in Queensland, of wool and cotton, articles similar to those

which woiild be carried in India.

On the 5 ft. 6 in. gauge, it was found practically unnecessary to

adopt any stock wider than 8 ft. 5 in., although, so far as safety

was concerned, the width might have been increased to 11 ft.

Thus it happened that, dealing with things, not as they might

be theoretically, but as they were, the narrow-gauge stock of
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Canada was almost identical with the broad-gauge stock of India,

as regarded the height from the rail to the top of the roof, and
absolutely so as regarded width, the centre of gravity being, how-
ever, lower in the former than in the latter case.

It appeared to be of great importance, in view of the character

of the traffic in India, that the stock should not have a less width
than 8 ft. ; but he thought that a width of 8 ft. 6 in. would be
preferable.

He considered it very undesirable, except under special and ex-

ceptional circumstances, to adopt a gauge of less width than 3 ft.

6 in. Upon this gauge, experience had proved that locomotives

could be constructed with fire-boxes large enough to produce good
results ; but every inch of diminished width in an engine, having,

as usual, the fire-box limited by the distance between the wheels,

would tend to seriously cripple its power.

With reference to the cost of working, having had considerable

experience of the 3 ft. 6 in. gauge, he could state distinctly

—

as, indeed, common-sense would lead any person to expect—that

there was no appreciable diiference between the cost of running a

train or of hauling a ton of goods on the 3 ft. 6 in., on the 4 ft.

8i in., or on the 6 ft. C in. gauge. Supposed examples to the

contrary, which had been largely made use of in arguments in

favour of extremely narrow gauges, might readily be shown to be

entirely illusory, and it was much to be regretted that the subject

should have been surrounded with statements which could not be

borne out in practice. There was, of course, a considerable saving

in maintenance on a light narrow-gauge, as compared with a heavy

broad-gauge railway ; but if the rolling loads and the w^eight of

rail were made, as they might be, the same on both gauges, the

difierence would become hardly appreciable.

As regarded the comparative cost of the broad gauge and of the

narrow gauge, he would remark, that this would vary greatly ac-

cording to circumstances, but he believed that the practical difference

would be greater than the theoretical difference, as the saving had

been found, in fact, to pervade every department. In Canada, the

cost of the 3 ft. 6 in.-gauge lines, complete in every respect with the

exception of rolling-stock, had been £2,800 per mile, the rails weigh-

ing 40 lbs. to the yard ; whilst a railway of 4 ft. 8^-in, gauge,

with rails weighing 50 lbs. to the yard, and running through the

same district, had cost, in like manner, exclusive of rolling-

stock, over £4,000 per mile. In Queensland, owing to the heavy

nature of the works on the Main and Liverpool ranges, there could

be no doubt that the adoption of the narrow gauge, and the system
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of construction accompanying it, had resulted in a very large saving.

In India, however—where the larger proportion of the country had
very little inclination, and much of it was perfectly flat ; where
the chief works consisted of bridges of great length, the piers of

which must in any case be strong enough to resist iioods, and the

girders of which would be much more affected by rolling load than

by gauge ; where the embankments must be wide to resist the

heavy rains, and where ample ballasting was, in either case,

essential,—the difference of cost of a light line on the broad or

the narrow gauge was certainly reduced to a minimum.
The principle of introducing a lighter mode of construction on the

standard gauge having been determined by legislation in England

in 1868, the Camatic Eailway Company entered into a contract

with the Secretary of State for India, early in 1870, for the con-

struction of their line upon the standard gauge, with rails weighing

45 lbs, to the yard, and having works so designed as to take all the

rolling-stock of the existing lines, excepting the locomotives. Some
progress was made, and locomotives were prepared from Mr. Fox's

designs, for the 5 ft. 6 in. gauge, having no greater weight on a

wheel than 4 tons, such being the maximum weight on anj^ of the

existing wagon or carriage-wheels. Since, however, the question of

the adoption of the metre gauge had arisen, further progress in this

direction had been suspended, and fresh surveys and estimates were

asked for by the Government, based upon the metre gaixge. There

could be no doubt that a considerable saving, both in first cost and

in maintenance, could be effected, without any alteration of gauge,

by reducing the weights upon the driving wheels of the engines

to the same as those of the other stock ; and, especially in India,

where high speeds were not generally required, and sharp curves

were rarely necessary ; and that this could be attained, without ma-
terially reducing the power of the locomotives, or introducing any
abnormal types of construction. This being done, the weight of per-

manent way, and of the superstructure of bridges, could be reduced

almost as much as if the narrow gauge were adopted. The reduction

might be quite as great, were it not that, in designing stock for

a light broad-gauge railway, it must be made suitable for running

intermixed with existing stock, and of withstanding the heavy shocks

of shunting and the higher speeds of the main lines, and also that

the permanent way and bridges must be strong enough to bear the

existing stock. Were a narrow gauge adopted, central buffers could

be introduced, the weight of the under-frames be reduced, the centre

of gravity lowered, and the rolling load be brought down to about

3 tons per wheel, with a proportionate diminution of weight and
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cost throughout. If, in order to avoid a break of gauge, light broad -

gauge lilies were introduced, some precaution, either mechanical or
legislative, would be essential to prevent their being used by the
heavy locomotives of the existing lines, and to regulate the speed
of the trains. In England he had found it practically impossible
to make use of the light system, as the main line companies
insisted, where they were to work the branch, that it should be so

constructed as to take not only their rolling-stock, but their heavy
locomotives; but in India, the Government, having the control,

could avoid a difficulty of that kind.

Having thus briefly remarked upon the general principles arising

out of the discussion, he would desire to say a few words upon their

special application to the case of India. One could hardly look at

the map before them, especially the ujijier part of it, having in

view the fact that the proposed lines in North-Western India
derived their chief importance, not from commercial, but from
political and strategic considerations, without feeling that—even
if the saving of first cost, claimed by the Author, should result

from adopting the narrow gauge between Kotree and Mooltan, and
between Lahore and Peshawur, narrowing the Scinde railway to

the metre gaiige, and introducing the mixed gauge between Mooltan
and Lahore,—all which he ventured to doubt,—the break of gauge
at Lahore must prove most serious, not to say suicidal, in a military

point of view. The Government, through the Companies, had
provided itself with 5,000 miles of railway on the 5 ft. 6 in.

gauge, bringing the more important military centres • into direct

and unbroken communication with Lahore, It was now necessary,

in order to protect the frontier, that the system should extend to

the jiort of Kurrachee on the one hand, and to Dadur and Peshawur
on the other ; and it did appear to him that, unless this were effected

on the broad gauge, so that the existing rolling-stock—and even

the locomotives at low speeds—might pass freely to the frontier,

the chief value of these extensions would be lost. He could not

but regard with disfavour the proposal to introduce the mixed
gauge on a system of this kind ; for, having had some experience of

it in connection with one of the metropolitan termini, and else-

where, he could bear testimony to the complications and incon-

veniences which accompanied its use, and which would, in his

opinion, render it' in the present case an evil only second to that of

a break of gauge. As regarded the Punjab, then, the case seemed to

him to be most clearly in favour of the broad gauge, unless—which
he had not heard suggested—the Government contemplated the

reduction of the existing system of railways to a narrow gau^e.
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]f there were any such intention, he would certainly hesitate

to select as the standard so narrow a gauge as that of the French

metre, or to permit, for the purposes of the Indian traffic, the reduc-

tion of the width of rolling-stock below 8 ft.

As regarded many other parts of India, the question appeared to

he different ; and in Mysore—and on the proposed line to Carwar

especially—it might perhaps be found that sufficient economy

would result from the adoption of a narrow gauge to justify a break

of gauge. In the case of the Carnatic railway, the estimate showed

—

oven through the level country of that district—a saving of fully

20 per cent, by the introduction of the metre gauge, and a very light

construction, as compared with such a broad-gauge line—lighter

than the present main lines which the Government were then pre-

pared to sanction—and such a saving was important, at any rate

in the interest of a railway company, if not in a national point of

view. He however believed that, if the Government permitted all

the economy wliich was practicable, still retaining the standard

gauge, the difference of cost might, owing to the character of the

country, and the large number of bridges which would not be

affected by the gauge, be reduced to some such insignificant amount

as that referred to by Mr. Bruce ; and he certainly felt that any

such saving ought not to be allowed to influence the decision of

so weighty a question as that under discussion, fraught as it was
with momentous consequences as regarded the future welfare of

the Indian Empire.

Sir G. B.AiRY, P.E.S., Astronomer-Eoyal, remarked that, after

the able critical examination which had been made of almost every

engineering point, with regard to the proposed system of railway's

in India, it was not in his power to throw any additional light

upon that branch of the subject ; but there was an important, and,

perhaps, the most important part of the question, on which he

might speak. He was a member of the Royal Commission appointed

in 1845, to consider the question of the break of gauge, and

which made its final report in 1846. The question of the break of

gauge was then beginning ; in fact, there was only one place

where the two gauges at that time actually met, and that was

at Gloucester. The Commission did their best to examine into

the whole state of things at the one break of gauge, and as to the

probable state of things that might ensue. They studied the

working of the traffic at the Gloucester station ; they obtained

the best evidence ; they examined Mr. Brunei's ingenious con-

trivances ; and the conclusions at which they arrived, and of

which they felt the correctness very strongly, were these :—In
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the first jilace, that there must be no such thing as a break of

gauge,—that it was absolutely necessary that one gauge should

run all through the kingdom ;—and they thought it desirable

that this should be the narrow, or 4 ft. 8^ in., gauge. But there

had been much discussion on what could be done on railways

of different breadth, upon which they had not sufficient evidence

at the time. The Commission recommended that attention should

be given to the possibility of the admixture of gauges ; but that

at all events the first principle should be carried out ; and in a

subsequent letter addressed to Sir E. Ryan, the Astronomer-Royal

individually urged the same thing more strongly, and especially that

attention should be given to the possibility of working a mixture

of gauges ; for the Commission held it to be important that liberty

should be given as far as possible, and that Mr. Brunei's contri-

vances, admirable in many respects, should not be driven out of the

field without receiving further trial. The Report of the Commis-
sion was strongly attacked, in pamphlets and in newspapers, by
the advocates of the broad gaiige, and finally it was resisted so

strongly in the House of Commons that it was thrown out. He
had watched the progress of events since that time with some
interest, and he found it was this ; that the Great Western rail-

way, which naturally was the most strenuous opponent of the

Report in the first instance, at length adopted precisely what the

Commission recommended with regard to the gauge ; trying first,

the mixed gauge, and aftervi^ards abandoning the broad gauge
entirely, substituting for it the narrow, or 4 ft. 8^ in,, gauge, which
was now universal throughout the kingdom. And he could not

help recollecting that amongst the representatives of the broad-

gauge system there was one who especially commanded the respect

of the Commission ; that was the present Chairman of the Great

Western Company, who was then the locomotive-superintendent,

and was very strenuous indeed in his support of the broad gauge
;

but, nevertheless, the Commission felt it necessary to express an
opinion opposite to that which that gentleman held ; and even he

had been driven by the force of circumstances to take the course

Avliich was recommended in the report. After this the Astronomer-

Royal need not say his own feeling against the break of gauge in

India, or anywhere else, was very strong indeed ; and looking,

not so m.uch at the recommendations which the Commission made,

as upon the course which events had forced upon railway com-

panies, it did seem to him an act of most extraordinary impru-

dence to introduce a break of gauge in India.

There was one point which he omitted with respect to the break



282 STATE BAILWAYS OF INDIA.

of gauge, and it was this :—Numerical estimates had been given of the

inconveniences of the break of gauge, and it was stated that goods

might be transferred at from 8d. to Is. per ton. Now he appre-

hended such a statement as that could only apply to goods on a

large scale, such as bags of cotton, or rice, or barrels of flour, or

articles of that character ; but it could not apply, he thought, in

any degree to mixed merchandize ; and still less would it give

the slightest idea of the injurious effects if a break of gauge oc-

curred in the transport of an army, or of its munitions. As
to having a stock of carriages of one gauge ready to meet a

stock of carriages of another gauge, he looked uj)on such a

proposition as an absurdity, and it had been so regarded,

in an instance which preceded the Commission on the gauge
question, on the Eastern Counties railwa}"". The circumstances

were these :—A short railway, which was likely to have commu-
nication with the interior of the country, and was 4 ft. 8^ in,

gauge, was amalgamated with a longer railway upon a wider

gauge. Upon that amalgamation taking place, the Directors of

the amalgamated company immediately saw they could not go
on under the existing state of things, and they at once changed

the gauge of the rails and the working stock of the longer rail-

way to suit those of the shorter line ; and upon that no doubt

depended the efficient existence of those railways. That was an

instance, he would state, showing the impossibility to provide

what was necessary upon one railway by the stock meeting it

upon another railway. But with regard to the break of gauge

in India, he would say he conceived it was impossible to provide a

rolling-stock upon one railway which should be always ready to

meet that upon another gauge ; and from the evidence before the

Gauge Commission, as well as from ordinary observation, there

could be no doubt that the difficulty of a break of gauge in mili-

tary matters would be extreme. India had not been held in

subjection by the governing classes of Great Britain in the same
way as England or Scotland ; by the sword it had been gained,

and by the sword it must be held. And however much legislation

on behalf of that country might recognise the desirability of

studying the welfare of the natives of that country, it must be

remembered that there was a spirit of independence generally at

work, and there were parties ready at all times to stir up internal

tumults ; while at the same time there were those outside who,
at the proper time, would be ready to invade. It was necessary,

therefore, to be prepared to make rapid movements of armies.

With the means of rapid communication to the frontier of
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Peshawur, at the opening of the Khyber Pass, it would be a

question "whether it was necessary to maintain so large a garrison

there ; and the advantage of landing troops without the fatigue

of inarches—especially in India—was too well known to admit
of an}^ question.

Adverting now to the question of the width of gauge as applied

to India, he conceived there was not that objection to the wider

gauge which some eminent men appeared to entertain ; but as

between the entire adoption of that gauge and of the change of

gauge the difference was very great indeed. Amongst the objec-

tions which might be raised against the narrow gauge, he con-

ceived there was one of considerable importance with regard to

military matters. It would be difficult, he thought, upon the

narrow gauge to carry field artillery except in a dismounted state,

and it would be very troublesome to carry horses ; and it was to

be considered that the carriage of a large number of horses was
indispensable in military matters. Even with infantry regiments

the officers must be well provided with horses ; and to carry horses

at any speed on the narrow gauges which were proposed, he

thought would be a very hazardous matter. With regard to the

alleged difficulty of adopting a wider gauge which would arise

from the windings of the railway, he did not think there was
anything in the nature of the country to make that an obstacle.

There could scarcely be anything worse in that respect than the

Todmorden Valley railway, and the trains ran very well on that

line ; and, generally speaking, he should say, upon any railway

where the speed was well understood, and where the rails were
not over-canted—which he looked upon as an essential condition

—the form of the conical tires used might be made so to guide

the wheel frame of the carriages that there would be no sensible

friction produced by the difference in the length of the inner

and outer rail. These were mechanical points which he did not

feel himself authorised to urge so strongly as he did the question

of the existence or the non-existence of a break of gauge ; and he

repeated this opinion very strongly as the result of all he had

heard and seen. Therefore, he thought it would be most in-

judicious to have a break of gauge in the Indian railway system,

and he was only surprised to find that the existence of such an

evil had ever been seriously entertained.

Captain Douglas Galton, E.E., C.B., said, that having been

officially connected with the system of railways in this country,

during a part of the gauge controversy, and especially during the

controversy on the mixed gauge, he was glad to have the opportu-
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nity of offering a few remarks upon the question. He thought it

would have been an intelligible policy on the part of the Indian

Government to have introduced on to the Indian railways the

4 ft. 8^ in. gauge, and to have altered the whole of the existing

lines to that gauge ; because, in the event of any great evil hap-

pening in India, it would have enabled rolling-stock to be shipped

at a moment's notice to replace the destruction of stock on Indian

railways; but the Indian Government had already 5,000 miles of

railway on a standard gauge traversing the country in all direc-

tions, and, under these circumstances, he considered it undesirable

to introduce a second extensive network of railways upon a metre

gauge, mixed up with the 5 ft. 6 in. gauge, and forming breaks of

gauge on numerous main lines of communication. It was expe-

dient, no doubt, in some cases, to adopt a veiy narrow gauge to

bring down the produce of mines, or factories, or quarries, at a

cheap rate to the main line of railway, so as to avoid any tran-

shipment of material at the quarry or the mine ; such lines should

be cheap tramways for locomotives, which were cheaper to con-

struct and maintain than ordinary roads ; and in such cases, each

arrangement required special separate consideration ; but in this

case it appeared that the railwajs which were proposed to supplant

the whole of the existing standard system would, according to

the estimates of independent persons, not effect a saving of more
than from 6 per cent, to 12 per cent. This would not have been

an intelligible course of proceeding had it not been for the

explanation of General Strachey, who, he believed, stated, that

in the comparative estimates which he submitted to the Indian

Government, he had assumed the cost of the standard gauge
according to the then standard requirements of the Indian Govern-

ment, and the cost of the narrow gauge at a new standard of light

railway, as proposed by him. They were met in this discussion

by being told that they were not conversant with the customs of

India, and therefore they were unable to appreciate the effect of a

break of gauge in India. He thought if this mode of making
comparative estimates was the custom of India they would all

agree with him they were not accustomed to it. Now with respect

to the question of the cost of these railways it had been so ably

discussed by other speakers, that he thought it scarcely necessary

further to allude to it, except that no sweeping estimate of this

character could be a fair one. Each line required to be looked

at separately, in regard to traffic and construction.

As to the question of sidings, the Gauge Commission, in 1846,

laid down the axiom that whatever improvements could be Intro-
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duced on the narrow gaxige could be introduced with much greater

efficiency on the broad gauge ; therefore in comparisons between

the carrying powers of the two gauges, it must be admitted

that the weight carried per wagon must be in proportion to the

gauge ; therefore, a train of forty carriages on the broad gauge

would carry an amount of goods equivalent to what seventy

carriages would carry on the narrow gauge, and consequently the

sidings on the narrow gauge must be longer than the sidings on

the broad gauge, in the proportion of 7 to 4 ; and as the cost of

the platforms and other accessories of loading would increase in

proportion, he thought, instead of estimating the cost of sidings

as a proportion of the cost of the railway, it should rather be taken

in the inverse ratio of the cost of the railway.

Passing on to the question of the break cf gauge, the Author
said the cost of transhipping goods at Lahore would be al)0ut

£850, and he capitalised that at a sum of £17,000. He put the

cost of transhipment at 4d. per ton, and, as he must be supposed

to be well acquainted with the cost of labour in India, that

was a figure which they might accept; but there was another

important element in the cost of transhipment of goods, that was
the injury to the goods. The evidence before the Gauge Com-
mission placed that at 2s. 6d. per ton, but he would not urge

that figure. He would only deal with the one article which
the Author and General Strachey both made mention of as being

the principal article transhipped at Lahore, namely, salt. Now
Captain Galton happened to have some connection with the salt

districts in this country, and he had made it his business to

inquire of some of the largest manufacturers of salt, in the Mid-
land district, as to the amount of damage to that article from tran-

shipment ; and Mr. John Corbett, the manufacturer, who had the

greatest experience as to the break of gauge in the transmission of

salt, put the amount at Is. per ton, where the value of the salt

was 30s. per ton ; but the cost of the damage necessarily varied

with the value of the salt. General Strachey had stated that

the value of salt in India varied from 1 60s. to 200s. a ton, therefore

the Author's figure of £850 would, upon this estimate, rise from
£850 to at least £16,000, and his capitalised sum of £17,000 would
rise to between £300,000 and £350,000. So much for the commercial
question ; and with respect to the military point of view, General
Strache}^ seemed to imply that the military question was
perfectly immaterial. Now, in the report of General Strachey,

Colonel Dickson, and i\Ir. Eendel, addressed to the Indian Govern-
ment in September, 1870, they laid great stress upon the military
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question, and the Aiitlior devoted two pages of his Paper to the

same point ; therefore he thought it evidently was one which
at all events the Indian Government considered as important.

Now, he did not think the Author, or General Strachey, had

quite appreciated what was the effect of railways upon the move-

ments of an army. The railway enabled them to dispense with

forming large magazines near where the army was operating ;

it enabled them to draw supplies of every sort from almost

Unlimited distances, and it also enabled them to remove from

aiinies those impediments to their movements, the wounded sol-

diers, whom otherwise they would have to provide for and to

protect. All, who had seen them, admired the excellent arrange-

ments made by the Germans, during the Franco-Prussian war,

for the supplies of their army in France. He happened to have

been connected with the National Society for Aid to the Sick and

Wounded, and he made an expedition along the rear of the German
army and saw in detail the arrangements they made for the

supplies of the troops. The main feature of those arrangements,

and the main thing which enabled them to work -with so much
smoothness and facility, was the means which they adopted for

loading their trains. Each train was specially appointed to a

particular division or section of the anny, and each train was so

loaded that it should convey a portion of all the supplies likely to

be wanted, so that ifthe train itselfbroke down, or even if a portion

of the train broke down, still some portion of the supplies would, at

all events, reach the army. Xow, he left them to consider what

would be the effect of such a mode of arranging their trains and

packing their vehicles with a break of gauge. They would have

in the first place to change the supplies which had been carefully

arranged in a train of forty wagons into a train of seventy wagons
;

and at the time they were doing this they would have brought

down upon them trains of wounded men, some of them incapable

of moving hand or foot, who would have to be transferred across

the .<ame platfonn and placed in another train. He was convinced

that any one practically conversant with the transhipment of goods

or with the loading of trains for ordinary military purposes, would

admit that the confusion of such a proceeding would be indescrib-

able, and he thought they would also agree that no money sa^^ng

could compensate for such a fearful crisLs as would then arise. In

the matter of the conveyance of the wounded, the Pi'ussians were

able to carry foiir or five wounded men on spring beds with a

nurse to attend upon them in a large goods wagon. Xow, he did

not think any can-iage they could place on the narrow gauge would
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enable them to carry more than tAvo wounded men with a nnrse.

If they admitted the axiom that the same improvements eonhl he

introduced npon the broad gauge as upon the narrow gauge, it must
be assumed that the carrj-ing capacity of the carriages were in

proportion to the gauge. Therefore, if they could carry more
on the metre gauge, then they would be able to accommodate pro-

2iortionately more on the broader gauge ; but he felt sure that

General Sti-achey did not appreciate what a large space was required

for severely wounded men on a long railway joxarney. They
would, moreover, have to increase the number of nurses, at all

events, in projiortion to the number of wounded men, and that at

a time when every available man was wanted to assist in the

warlike operations. General Strachey stated in his observations

that one object in introducing cheap lines on the narrow gauge
and not estimating cheap lines on the "Broad gauge at the same
time was the diiSculty of controlling the expenditure on Indian

railways. That seemed to Captain Galton a most astonishing

statement, because he had always understood that every detail

of construction of Indian railways was submitted to the depart-

ment of Public Works, over which he believed General Strachey

presided, and not only the details of construction, but even

the number of trains was fixed by that department. General

Strachey also put down as part of the economy, the alteration

in the arrangements for constructing lines, that is to say, the

construction of the lines under the Government instead of tinder

companies.

;Now he thought it would be a digression here to enter into the

question as to the economy of Government construction and

management of railways as compared vnih the commercial prin-

ciple, but he would only say that was not an element that could

be fairly imported into this question, because, whatever system

could be adopted upon one class of railway could be equal!}' adopted

on the other, seeing that the details of constraction were in both

cases under the direct control of a Government department. In

conclusion he must say it was much to be regretted, that the

Indian Government, in arriving at a decision on this matter, had

had placed before them reports favouring what seemed to be fore-

gone conclusions in the minds of the gentlemen to whom the

question was referred, and which reports omitted material facts

Avhich would have been adverse to such conclusions. He was glad

the question was coming before the House of Commons, and he

trusted after the light which had been thrown upon it by this dis-

cussion it would be remitted back to the Indian Goveniment, and
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that tliey would then arrive at a more satisfactory conclusion with

regard to it.

Mr. H. Lee Smith said he had devoted much time to the subject,

upon which, perhaps, he could give the meeting information that

was not generally known ; but he was unaffectedly reluctant to

monopolise needlessly one minute of its time, which would pre-

sently, he hoped, he more profitably employed in listening to more

valuable and authoritative opinions. In proof of his sincerity, he

would pass very hurriedly over the fact that his figures, as given

in the Paper, were painfully misquoted. His estimates for the

standard gauge were quoted thus :

—

For the Peshawur line £3,712,440

„ Indus Valley line 3,895,631

But in these sums the Author had, by mistake, no doubt, included

two large items on account of maintenance for three years, namely*

£85,050 and £128,790, together £213,840, which, being deducted,

made the total amount of saving not £912,479, but £698,639.

The Author had also entirely omitted to remark that Mr. Lee

Smith's estimate for the Peshawur railway on the standard gauge

was for an independent line, with banks and cuttings of its own

;

whilst his metre-gauge estimate was for a line laid, with the

exception of the salt branch, on the metalled road. But what

Mr. Lee Smith might have previously said or written on the sub-

ject was of little consequence ; his present object was to endeavour

to meet the Author upon his own ground.

With that part of the Paper which related to the importance of

economy, few persons would be disposed to quarrel ; the doubtful

point was whether the government of India had not adopted alto-

gether too violent a remedy, the effects of which, in the long run,

would prove worse than the original disease. It was, however,

with the proof of economy, set up by the Author, that they had to

deal, and there it was that he appeared to have fallen into error..

The Paper literally bristled with fallacies, which Mr. Lee Smith

would divide into two classes, the special, and the general ; the

first having reference solely to the Punjab lines; the latter— the

general fallacy—being the assumption that even if, in the case

of some particular line, a saving of £1,000 per mile could be

established, the same would hold good over 10,000 miles.

On the Peshawur railway, for example, as half of the metalled

road was given up to the line, it would be obvious that the first

two items of saving claimed in the Paper, namely, land and earth-

work, were entirely illusor3^
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Mr. Lee Smith had long held the belief that the reduction of the

gauge was accepted under some very exaggerated idea of the saving

to be eflfected by the change. Lord Lawrence had stated that, " the

average estimated cost of the guaranteed lines was about £17,000 a
mile," and the late Lord Mayo had also endorsed that statement. At
the same time there were many rumours flying about of " highly-

efficient narrow-gauge lines—the railways of the future," at a cost

not exceeding £4,000 per mile or £5,000 per mile. Now although

he did not mean to argue that either of the eminent statesmen he
had named could ever have supposed that any feasible reduction of

the gauge would result in a saving approximating to £12,000 per

mile, still it was very remarkable to observe the apparent effects of

such statements and such rumours upon the minds of some of the

foremost men of India.

In a Minute, entitled " The Earl of Mayo as Viceroy of India,"

Sir John Strachey, a leading Member of Council, reverted to the

subject thus :
—" The average cost of our guaranteed Indian rail-

ways has been about £17,000 a mile. Lord Mayo was satisfied

that it was impossible to go on making lailways in India at

such a cost. Ho said we must have cheap railways, or none at

all ; and he stronglj^ supported the proposal that, in constructing

new lines the old broad gauge should be abandoned ; that, if it

were held to be obligatory that the Peshawur line should be

constructed on a broad gauge, it would be the duty of Govern-

ment to say that it could not incur so great an expenditure

;

whereas the adoption of a narrow gauge would lead to a very

large economy." Sir John further stated that, " although he

could not enter into these discusssions, they were conducted on

both sides with great ability."

Now although there might not be any actual proof deducible from

this, still, from the expressions " at such a cost," and " so great an

expenditure," it did seem a little like a jump to the conclusion that

£17,000 per mile, or thereabouts, was the price of a standard-gauge

line, and that no expedient could be devised, or, at least, had been

thought of, for diminishing that price, save the one mentioned in

the very same breath, " the adoption of a narrow guage would lead

to a very large economy."

From this he would only argue the probability that narrow-

gauge lines, as compared with those on the standard gauge, were
at first accredited with a reputation for economy to which they had
not been able to, and could not now, substantiate a claim ; that in

this manner they obtained almcst an unfair hold, and were allowed

to take firm root, whilst the death of Lord ]\Iayo left the matter in

[1872-73. N.S.] u
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a somewhat false position, that of a question fairly argued out to

the end and irrevocably decided. As for Sir John Strachey's state-

ment, that the question was argued on both sides with great

ability, had he said, upon one side, it would surely have been nearer

the mark ; for, with exception of Mr. Hawkshaw's prophetic warn-

ing, which was sent along with the Committee's report, to the

Government of India, there did not appear to have been a single

protest lodged against the reduction of the gauge or a counsel

engaged, or witness called to speak a word in defence of the

standard gauge.

They now heard of the two divisions of a narrow-gauge railway

up the Indus Valley, described by the consulting engineer to the

Government of India as ' a surface line,' and estimated to cost

(exclusive of one or two large bridges) about £5,100 per mile to

£6,000 per mile—average, £5,550 per mile, or, deducting rolling-

stock, say £5,000 per mile. Was this considered a great result?

Was breaking the gauge the only expedient by which this figure

could be come down to ? Why, even in his poor Indian practice,

Mr. Lee Smith had done much better than that ! He had before

him the ' completion statements ' of a district of the East Indian

railway, 81i miles long, of which he had responsible charge.

It was executed ' departmentally,' that was without the aid of

large contractors, and had cost, taking the whole length, £6,160

per mile; but as 37]- miles of this were constructed under the

heavy troubles and disadvantages of the great IMutiny, he thought

he might fairly cut them out, and speak only of the remaining

44 miles, which were commenced after the Mutiny, and finished

in fair time— three years, he believed, or as fast as they could

get the permanent-way materials. The cost of this division was

exactly £5,370 per mile, which included earthwork, ballast,

bridges and culverts, level-crossings, permanent-way, telegraph,

stations — including the fair proportion of a large locomotive-

changing-station in the centre of tlie division—everything complete,

except land and rolling-stock. He had also added—not knowing the

precise amount—10 per cent, on account of Engineering expenses.

Some of the rails weighed 78 lbs. per yard, and some 82 lbs. per

yard. He did not now remember which were used upon this par-

ticular division; but assuming the lighter and they had this section

of the main line of th« East Indian railway—with which, on the

score of stability, no man need be ashamed to have been associated

—

completed, upon the 5 ft. 6 in. gauge, with 78-lbs. rails, for £5,370

per mile, against the estimated cost of a metre-gauge surface line

up the Indus Valley, with 40-lbs. rails, at £5,000 per mile. Nor was
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there any advantage owing to proximity to tlie sea; the land-

transport was not less than 800 miles ; that was up to the neigh-

honrhood of Agra. And if General Strachey wished to know the

price of the rails—though Mr. Lee Smith regretted being unable

to state precisely—he believed it could not have been very much
below that quoted lately by the consulting engineer to the Govern-
ment of India for state railways, for his 40-lbs. rails, namely, £8
per ton free on board in England. Mr. Lee Smith almost forgot to

mention, as being perhaps worthy of note, that the embankments
of the standard-gauge line, of which he had given the details,

were 34 ft. wide at formation-level, instead of 10 ft. 3 in., the

estimated formation width of the Indus Valley line.

But no English Engineer, however great his experience, could,

with any propriety, have volunteered his opinions in the face of

the following Eesolution by the Viceroy in Council, in accordance

with which, ]\Ir. Lee Smith believed, some American Engineers
weie specially invited to India. He would not read the whole of

the decision, unless it was their wish, but content himself with
the following extract :

—"The time has come when India should

cease to lean exclusively upon English Engineers in dealing with
its railways."

Here he might perhaps be permitted to remark, that he felt it a

little ungenerous on the part of his friend General Strachej' that

he should have included him in his censure, or at least not exempted
him from his criticism upon the Engineers of the Indian lines,

who never " suggested the construction of light or cheap lines, or

admitted that they were possible." General Strachey might
perhaps have forgotten that, as Secretary to the Government of

India in the Public Works Department, he had sent Mr. Lee Smith
in his own handwriting the flattering assurance that " Govern-

ment was perfectly satisfied with the Chief Engineer of the

Peshawur line, who had cordially and loyally accejoted the general

policy of the Government ;" which then, as now, Mr, Lee Smith
understood, not as a tribute to his unvarying good behaviour

generally, but as an acknowledgment that he was devoting all

his poor energies to contriving how to carry out his work to

the best advantage of Government. The reduction of gauge was
then unthought of. It was suggested to him for the Peshawur
line by an amateur ; but if it had been seriously proposed

to him by Government, he would then, as now, have given his

decided opinion, supported by his reasons, that it was wholly

unnecessary, and extremely un^7ise. To say that he did not think

of or suggest light permanent ways, -was a mistake. Seven years

V 2
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ago, in his first Eeport on the Peshawur line, he stated that,

although 50-lbs. rails " might he equal to the present (then)

requirements of the traffic, experience had proved there was no

real economy in reducing the rails helow the ordinary standard,

and that, in his judgment, the heavier permanent way wonld prove

the better economy in the end ;" an opinion of which at the present

day he was not greatly ashamed.

These, however, \\-ere trifles hardly worth mentioning. The
serious part of General Strachey's remarks was that wherein that

officer referred to figiires. Was it not almost time for some pow-

erful remonstrance, when they found the highest, nay, the only

Indian State railway officer in this country, who inaugurated,

and still alone led the way in the break of gsuge, two years

after that step had been taken, talking in this strain :
—

" Those

estimates were utterly worthless for the object in view." " Eeject-

ing those figures as wholly inapplicable, General Strachey asserted

that the financial advantage, that had in fact been secured, was

very great." " The saving on permanent way would amomit to

about £350,000, and on the bridges perhaps to £250,000, or

together £600,000." " On the whole he considered that the total

economy might be about three-quarteis of a million. The 490

miles of the Indus Valley railway would give a saving of not less

than £500,000 on the permanent way, and probably as much more

on other items, or, in all, about one million." " But," he added,

" the character of the works was not yet sufficiently known to

admit of any very precise statement being made as to this line."

I^ortunately ]Mr. Lee Smith had the precise information, in the shape

of the latest estimate by the officiating Chief Engineer, given in the

most minute detail, from which Mr. Lee Smith, at least, had been

able to arrive at somewhat less A'ague results. He would state the

exact additional cost of making the permanent way of the Indus

Valley railway fit to carry both the carriages and the engines of

any, or all the other Indian lines. This he had worked out, to

decimal parts of a rupee, from the prices given in an estimate

sent to the Secretary of State by the Government of India, no

further back than November last, and if they would divide

General Strachey's £500,000 saving b}-- two, and add £690 to

the result, they would get the actual saving within a few

shillings.

As for the bridges on the Peshawur line, he w^as in a position to

speak from facts which he would defy any person to contradict.

He himself had designed the girders for that line for both gauges,

both standard and metre, and hud personally superintended all the
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details of the drawings down to the smallest rivet. Had General
Strachey forgotten, when he talked about a saving of 30 per cent,

to 40 per cent, on the cost of the ironwork of all bridges, that the

smaller girders for the first 100 miles of the line were designed,

constructed, and sent out of the full standard-gauge strength?
Had he also forgotten that the larger bridge girders upon the

metre gauge which had been made and shipped were not narrower,

nor so narrow, but—from having to carry a common road carriage-

way in addition—actually 18 in. wider between the hand-railings

than those which he had approved and passed in Simla and
Calcutta for the standard gauge ? But, not to enlarge too much
upon this point, he would simply inform the Meeting that he had
made at least a dozen or eighteen different designs for the bridges

in question upon three different gauges, and of every conceivable

span, striving in every possible way to cut down the quantity of

ironwork to the lowest limit compatible with safet}'- ; that he had
still in his possession all his sketches, figures, and quantities, and
that if they wished to know the exact saving between the standard-

gauge design and the metre-gauge one adopted, constructed, and
shipped, they must again take some liberty with General Strachey's

figures. It was not 40 per cent., it was not 30 per cent. ; but if

they would divide the latter figure by ten they would then know
exactly what the saving was. He would challenge investigation.

The drawings were quite open to the inspection of any one who
would seriously take the trouble to question his statements.

Ko one, however, who read the published official documents could
entertain much doubt that the Government of India had made up
its mind to the break of gauge, and accepted the necessity of it as

a foregone conclusion. Looking for one moment at the facts. The
question was formally referred to a committee, and a sjoecial subject

or theme was set for them upon which to base their report,

namely, the Indus Valley and Peshawnr railways, and this theme
indeed, was still further narrowed to the former of these lines

alone—the Indus Valley—as Government admitted the exceptional

case and position of the Teshawur line in these words :
—" We have

no hesitation in saying that were it a question of the section

between Lahore and Peshawur alone, we should at once dismiss

from consideration all idea of anything but a standard-gauge line."

But although the result of this committee's deliberations, read in

the light of the Secretary of State's orders for the alterations of
the Scinde and Punjab railways, were such that any schoolboy
who added the figures together could have seen, at a glance, that
the proof of economy had broken down, was there any re-considera-
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tion or hesitation ? Apparently not the slightest. The Govern-

ment of India would seem, as he had before surmised, to have

looked upon the economy as a foregone conclusion, and to have

proceeded calmly to break the gauge—in spite of Mr. Fowler's

dissent, and the failure on the part of the rest of the committee

to prove any appreciable saving—as they alleged :
—" We are

satisfied that the economy likely to be obtained from the adoption

of the narrow gauge will justify our accepting the break of gauge

at Lahore, with such inconveniences as it involves."

Here he would beg to explain, for the information of those who
might not have seen the Keport which he quoted from, that by

Mr. Fowler's estimate the difference of cost between making the

two lines, he was alluding to, upon a gauge of 3 ft. 6 in.—that

was 2f in. wider than that now adopted by the Government of

India—inclusive of the alterations ordered by the Secretary of

State, and completing them upon the standard gauge with

42-lbs. rails, amounted to £17,668 in favour of the latter. And
to check this roughly, he would take Mr. Thornton's figures :

—

Indus Valley line, 493 miles x £1,000 per mile = £493,000 saving.

Alterations of Scinde and Punjab lines (ordered by Secretary of State,

estimated by Messrs. Strachey, Dickens, and Eendel), £520,000 loss.

Saving £493,000 : loss, £520,000. Balance, still in favour of the

standard gauge, £27,000. Were such results, emanating from such

authorities, even if wildly erroneous, not worthy of searching inves-

tigation? Were they not almost startling enough to induce

Government to pause before crippling for ever those two lines,

admitted to be " of as great strategical importance as any yet to be

made in India ? " But granting, for the sake of argument, that the

Author's figures were quite correct, that the reduction of the gauge

between Kurrachee and Peshawur would save altogether £530,000,

he would show at what real sacrifice, nay peril, this saving was

to be effected.

The line, it would be observed, was cut off, absolutely shut out,

from communication with any other line in India, and must,

therefore, rely entirely upon its own resources in the matter of

rolling stock, which ought, therefore, to be provided on a scale of

unusual and extraordinary liberality. But instead of this, incredible

as it might appear, the stock was actually estimated at the miser-

able rate of one engine and thirty vehicles for every thirteen miles,

which the advisers of the Government of India stated to be cal-

culated for, and to be sufficient for, two trains a day each way.

Now, he cared not by whose testimony they elected to decide

—

Mr. Thornton's or General Strachey's—for by either of them he
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would show that these calculations and arrangements were falla-

cious, if not almost unfair to the policy and judgment of the late

Viceroy, who agreed to the break of gauge, on, they might assume,

the plain and obvious understanding that his narrow-gauge line

was at least to be able to stand by itself, or, in other words, to be

stocked upon such a scale as would meet his estimate of any pos-

sible emergency.

It had beeu said by Lord Mayo that, with regard to the power
of transport, the resources of the narrow gauge were such, that

nearly 20,000 infantry, with baggage, camp equipage, and ammuni-
tion could be placed at Eohree from Lahore in one week ; and again,

he wrote of the possibility of " throwing 40,000 men in a fortnight

on any point of the frontier from Lahore," which he had not the

slightest doubt could be done, provided they had the rolling stock.

But how was his Lordship's policy about to be carried out by those

to whom that duty had been confided? General Stracliey and his

colleagues on the Committee, Messrs. Dickens and Eendel, said

that 30 vehicles of the standard gauge were equal in carrying

capacity to 5-1 of the narrow gauge.

General Strachey explained that their estimate was based upon

a 2 ft. 9 in. gauge.

Mr. H. Lee Smith acknowledged the correction ; but the car-

riages for the metre gauge were only 6 in. wider, and the length

was unchanged. Again, that 200 carriages of the standard gauge

were required for the transport of 1,000 fully equipped men, with

their proportion of artillery, cavalry, cattle, camp equipage, and
stores ; therefore, taking the same proportion, that 360 narrow-

gauge vehicles would be required for this duty ; that each train

might be made up of 30 carriages, consequently (^^°), that

12 trains a day would transport 1,000 men, fully equipped, as

before described, from Lahore to Peshawur, which would be equal

to 7,000 men in one week. These were the calculations of the

Gauge-Committee, but the Author calmly told them that he would
take up 11,000 men, not 7,000 men, in a week, and with rolling

stock for 2 trains a day instead of for 12 trains a day

!

Mr. Thornton denied that he had said anything of the sort.

Mr. H. Lee Smith begged to refer to the Paper. It distinctly

stated that 11,000 men could easily be moved from Lahore to

Peshawur in a week.^ Mr. Lee Smith would as positively assert.

' " Now, although the provision of rolling stock for the future Punjab lines is

intended to be much below that of most existing Indian railways—although,

while, according to Mr. Hawkshaw, tlie average complement of the latter is about
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that the sum allowed in the Government estimates for engines

and vehicles was no more than sufficient to provide rolling

stock for 2 trains a day.^ He had not lost sight of the arrange-

ment proposed by Government to obviate this little difficulty,

namely, that of " concentrating their rolling stock, upon occasion,"

in some threatened locality. This plan, although it might cause

some inconvenience to the ordinary traffic, would no doubt meet
the military emergency, which was the main consideration ; but

there was one element required to insure its successful working,

and that was the existence somewhere, in sufficient quantity,

of rolling stock to concentrate. There could not be much to come
and go upon between Lahore and Mooltan, as that division was
to depend entirely for its only concentratable stock upon the

sale of a portion of the existing broad-gauge stock, the Author
having ruthlessly disallowed every penny put aside by Mr. Eowler

for the purchase of a few extra narrow-gauge vehicles. The
same arrangement, it might be supposed, as the Author had
made no allusion to it at all, was to be effected upon the Scinde

line, between Kurrachee and Kotree; but it might be granted

that both those divisions were, somehow or other, to be stocked

likewise for 2 trains a day. Now, suppose Peshawur to be

threatened, and the whole rolling-stock to be withdrawn from

the Indus Valley—which, from Lahore to Kurrachee, was three

times the length of the Peshawur line—and concentrated at Lahore,

this would provide sufficient engines and vehicles for 6 trains in

addition to the 2 trains already provided, or in all for 8 trains a

day. And rejecting the estimate of Messrs. Strachey, Dickens, and
Rendel of 7,000 men per week, carried by 12 trains a day, accept

one engine, with vehicles in proportion, for every five miles, the Government
autliorities are of opinion that for the lesser traffic of the Punjab one engine and
thirty vehicles for every thirteen miles may possibly suffice—yet, even with rolling

stock at this exceedingly low rate, it has been demonstrated by careful and
minutely detailed calculations that, in the course of a week, 12,000 combatants of

all arms, infantry, cavalry, and artillery, fully equipped, and with a montli's

rations, could easily be removed from Lahore to Sukkur, or 11,000 from Lahore to

Peshawur, or three corps of 4,000 each, one from Lahore to Peshawur, a second

from Lahore to Sukkur, and a third from Kurrachee to Sukkur."

—

Vide ante,

p. 227.

* Actual allowance of rolling stock,

according to preceding extracts :

—

"One engine and thirty vehicles

for every thirteen miles,"

or, 1 engine to 13 miles.

2*307 vehicles per mile.

Rolling stock required for " two trains

each way per diem," vide Messrs.

Strachey, Dickens, and Rendel's

Report on the Gauge question.

Parliamentary Return, page 53 :

—

1 engine to 8-56 miles.

2 "336 vehicles per mile.—H.L.S.
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the Author's less comfortable allowance of 11,000 men in a week,

carried by 8 trains a day— then only, further, supjDosing the

Eussians to be smart enough to have been making a feint of

coming down the Khyber, the real attack being by the Bolan Pass,

or (as they would jjrobably come in considerable strength, if they

should think of coming at all) suppose them to appear in great force

by both of these passes, our 11,000 troops were being sent up to

Peshawur, and there would be the great military line from Ijahore

to Kurrachee—" of as great strategical importance as any yet to be

made in India," 812 miles long, with neither an engine nor carriage

to run on it !
^ But the more this part of the question was looked

into, the more uncomfortable it would be found. The nari'ow-

' "What is to be the total quantity of rolling stock between Kurrachee and
Peshawur ? What quantity of stock would be required for the conveyance of

1 1,000 men in a week from Lahore to Peshawur ? Provision is to be made at the

rate of 30 vehicles for every 13 miles, wliilst on the two divisions where the

standard gauge already exists the Author suggests supplementing the broad-

gauge stock " by a quantity of metre-gauge rolling stock for use on a mixed
gauge." Presumably, then, half the stock on these divisions will be broad gauge,

and half narrow gauge, or 15 vehicles of each for every 13 miles.

If so, the total metre-gauge stock, or coucentrn table stuck will be :

—

Between Kurrachee and Kotree 105 miles at 15 vehicles per 13 miles= 120 vehicles.

„ Kotree and Mooltan 493 „ 30 „ „ =1,110 „

Mooltan and Lahore 214 „ 15 „ „ =240
„ Lahore and Peshawur 270 „ 30 ,, „ = G30 „

Total number of metre-gauge vehicles between
"I 9 -i on

Kurrachee and Peshawur - - - - J

"' "

Coming now to the second question :—The Gauge-Committee states (page 39 of

the Parliamentary Report) tliat, on the Peshawur line, 12 trains up and 12 trains

down per diem, each consisting of 30 standard-gauge vehicles, or 54 narrow-gauge

vehicles, would represent the limif of the continuous working power of the line, and
would suffice for the conveyance of 1,000 men fully equipped, with their proportion

of artillery, cavalry, cattle, cnmp equipage and fctores, per diem, or 7,000 men per

week, from Lahore to Peshawur.

Then, in exactly the same proportion, if 7,000 men per week require (24 X 54)

1,29G vehicles, 11,000 men per week will require 2,036 vehicles, and the effect may
be thus :

—

Total metre-gauge stock on the whole line, as shown above - 2,130 vehicles.

Total ditto, which may require to be concentrated north of Lahore 2,036 „

Balance then available for the line from Lahore, ) o,
southwards, to Kurrachee - - - - /

"

91 carriages to 812 miles of line, and no allowance made for any being in the

shops or under repair ! It must surely be admitted that this is " cutting it rather

too fine," and that the provision of stock at the rate proposed, of 1 engine and 30

vehicles for every 13 miles of line, would, in the event of an emergency, prove

lamentably insufficient.—Il.L.iS.
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gauge line might, for aught he knew, be equal to the transport of

11,000, or 20,000, or more, troops in a week, if amply supplied

with engines and carriages, but certainly not unless it was so

provided ; and although rolling-stock for 2 trains a day might
be more than sufficient for the ordinary traffic, it was absurdly

insufficient for a possible military emergency. What was more, he

rather thought the Government of India began to have its doubts

upon the subject, as he had found, in more than one passage of the

Government Eeports, a little hint that the rolling-stock might

have to be increased to the capacity of 4 trains a day—in plain

words, an estimate for doubling it. This, at one fell swoop, would

swallow up the whole of the Author's hardly earned saving of

£530,000, would leave him, even then, with his line stocked at a

lower rate than the neighbouring railways, and with the comfort-

able reflection that he was cut oflT from communication with any

of the other lines, and had broken the gauge for nothing ! He
sincerely believed that the Government of India, and perhaps even

the Author, began to think it would have been as well to leave

the Punjab lines alone, and, as they could not recall the past, even

if that £530,000 of saving were real, which he meant presently to

show it was not, to have let it go in completing the 5 ft. 6 in.

gauge ' folly ' upon which their predecessors had invested, or sunk,

£90,000,000 sterling, and contented themselves with a total saving

of £9,470,000 instead of £10,000,000.

If there were a grain of sense in this argument he had two
suggestions to offer which he would freely place at the disposal of

Government. The fii'st was, that if they could afford to spend

£7,000,000 in constructing these lines up the Indus Valley to

Peshawur but not the additional £530,000 required to make them
efficient—taking the Author's figures—the Government had better

abandon the idea of a railway altogether, and keep the £7,000,000

in their pocket. After the eloquent description given by the

Author of the timely notice we were sure to have of any
aggressive movement on the part of Eussia, and the perfect

deliberation with which troops could be massed at Lahore,

ready for projection upon any part of the frontier, he should be

disappointed, although that gentleman was not in the habit of

adopting his suggestions, if he had not at last placed one at his

disposal of which he might be able to approve. But if that would
not do, his second suggestion—which he believed would be approved

by the entire commimity of the Punjab, and by all the military

authorities in India, and in England—everywhere, in fact, except

perhaps in Eussia—w^as simply to devote the £7,000,000 required
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for the narrow gauge to the completion of the standard gauge in the

Indus Valley, and its extension in the direction of Peshawur for

180 miles above Lahore, up to the great military station of Kawal
Pindi, or for 56 miles further, if they pleased, up to the Indus,

at Attock, which some people considered was really our proper

boundary. By stopping short the railway at even the latter of

these two points the cost of a bridge over, or tunnel under, the

Indus, and of 44 miles of line would be saved, which together

would certainly amount to more than £530,000. "Would not this

be a better way of saving the money, as the mistake then would
not be an irretrievable one ? Then, too, they might further econo-

mise to any extent in the matter of engines and carriages, putting

on just barely sufficient to carry the ordinary, very limited, com-
mercial traffic—2 trains a day—^1 train a day—1 train a week
if they liked ; but relying with confident security, in the event of a

military emergency, on the entire rolling-stock of the rest of India.

He was certain this suggestion only required looking into to re-

commend it to the notice and approval both of the Viceroy and of

the Commander-in-Chief.

In stating that this great political line, from Kurrachee to

Peshawur, would, by the break of gauge at Lahore, be absolutely

cut off and isolated from all the other railways of India, he was
aware that the Author did not agree with him, because that gentle-

man had mentioned, as worthy of special notice, that, " the con-

nection of the Indus Valley railways with those of Eajpootana is a
project regarded by the Indian Government as one which may
deserve to be undertaken at some future period ;" and he hinted,

but for an excess of generosity on his part, that, were he disposed

to be hard on the standard gauge, he might debit that scheme
with his £1,000 a mile saving, over the whole length of this con-

necting link, which, with the line up to the Bolan Pass, he
aggregated at " scarcely less than 400 miles."

In this estimate Mr. Lee Smith submitted that the Author was
doing his case injustice by his extreme moderation. The length of

the Bolan Pass line alone, up to Dadur, was 180 miles, and upon
this he had claimed, and credited himself with, his £180,000,

leaving therefore only 220 miles to complete the connection between
the Indus Valley aud the Eajpootana railways. But the actual

length of this deserving project of the future was estimated by
the Government of India,^ not at 220, but at " about 410 miles."

' Vide Supplement to '' Gazette of India" of December 30th, 1871, page 1,738
paragraph 14.
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Why then had the Author of the Paper claimed no more than

£180,000? and only hinted that he might have claimed £400,000?

Why had he not asserted his right to (180 + 410 = 590 miles x
£1,000) £590,000? Was it pure generosity? or had he some slight

misgivings as to the legitimacy of the claim ? No one, except the

Author, could profess to know, but a very superficial investigation

of the facts would lend a strong air of probability to the latter

surmise.

The real meaning and object of this line was to supply one

solitary channel of communication between the Indus Valley and

the Kajpootana narrow-gauge system, which would neither be

required, nor, Mr. Lee Smith asserted, would it have been dreamt of,

for the next hundred years, if the standard gauge had been main-

tained between Kurrachee and Peshawur. The line in question

would not in any way promote one of the greatest, if not the chief,

object of the through lines, in—to quote the words of the Secretary

of State's despatch— " abridging the distance from Bombay to

Lahore," or, in " giving a new approach to Lahore from the sea."

On the contrary, it would lengthen the journey between Bombay
and Lahore, either of private individuals, who might have time

enough on their hands to prefer that route, or of troops, by just

310 miles.

However, as they had heard, on such high authority, that the

line was actually spoken of as one which might hereafter be

undertaken, such a probability could not be ignored, and he

would therefore earnestly beg the attention of the meeting to the

financial aspect and probable commercial results, of such a project.

Lord Lawrence wrote that " a line might be contemplated from

Kotree, via Luckput, through Cutch, to Ahmedabad," but the

Government of India would appear to have rejected that sugges-

tion, as he found it stated in a later despatch of October, 1871, that

" this connecting link might be made from Ajmere, via Jodhpoor

and Jeysulmere, to Eohree, length about 410 miles," and he had

not the slightest doubt that it might. Indeed, after rejecting the

route proposed by Lord Lawrence, the choice left with the Govern-

ment of India was a very wide one, and about as eligible as that

supposed to lie between the frying-pan and the fire. He admitted

that he had never been in Kattywar or Cutch, and that he did not

speak from personal observation, but he had read up the best

authorities he could find on the subject, and had noted the follow-

ing interesting particulars of the country this line would have to

traverse, or through which it would have to thread its way.

Commencing from the south, the " Great Eunn of Cutch " was
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described as " a vast salt morass, flooded in the monsoon by sea-

water blown into it," the only other featiires which he had noted,

biit which were of little importance from a traffic manager's point

of view, being that it is much frequented by wild asses, whilst in

the dry season it swarms with flies.

Scinde was described as " shut in between a vast desert on

the east and a lofty mountain range on the west." In the southern

portion of it Avas the " Little Desert," a proud distinction, pre-

venting, it might be hoped, the danger of its being confounded

with its immediate neighbour on the north, which rejoices in the

name of the " Great Desert."

Of Ajmere, still further north, it was said, " the general appear-

ance is sufficiently dismal, a considerable portion of it being

absolute desert, whilst the last 100 miles soiith-west of Bahawul-

poor is wholly destitute of water, vegetation, and inhabitants,"

and Jeysulmere, upon which the mantle of choice seemed to have

fallen, was said to be " surrounded by a great desert, of which it

may almost be described as an integral portion." Such were

the descriptions given of the inviting regions into which the

Government of India felt itself bound to contemplate the construc-

tion of a railway ; bound, moreover, solely by the p)roposed break

of gauge upon the Indus Valley system. For, w^ere it not a matter

of sheer necessity to provide some channel for the interchange of

carriages or the supply of reserve stock from Central India, he

confidently submitted that a railway 410 miles long, through such

fearful districts, would stand as much chance, and no more, of

being taken up, as a line through the centre of the Clreat Desert of

Sahara.

After the picture drawn, too, of the injustice, or the hardship,

at least, of forcing railway blessings upon people at a price beyond
their market value, he would be sni-prised if the Indian tax-payers

did not keep a watchful eye upon any steps which might be

threatened for the commencement of this truly dismal project ; and
meanwhile, he would only submit that, instead of pretending to

claim £410,000, or even £220,000, as a saving, which would result

from making this a metre, instead of a standard, gauge, the saddle

should be put on the right horse, and the whole cost of its

construction (at say £5,000 a mile x 410 miles = £2,050,000)

should unquestionably be debited to the former, the shortcomings

and weaknesses whereof formed the only grounds iipon which such

a line could ever be deemed necessary, or could stand a chance of

being undertaken.

All this while, he had been proceeding on the assumption that
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the Author had, hy some of these more than doubtful expedients,

established a claim to a saving of £530,000, which, however, Mr.

Lee Smith now confidently repudiated. General Strachey's figures

were not, as he thought he had already shown, in a sufficiently

mature state to be attacked. That officer might easily, had he

been so minded, have given them quantities, weights, and
prices, and allowed them a fair opportunity of examining them

;

but if he had done so it could easily have been shown that his

estimates were unsupported by reasoning or facts. Mr. Lee Smith

had also, he believed, proved that the original attempt on the

part of the committee to establish any appreciable economy by
reducing the gauge in the Indus Valley had broken down. Under
these circumstances, and always supposing that Government
condescended to argue the question, and not merely to stand upon
its right to do what it pleased about the gauge, without reference

to anybody's figures or opinions, it was perfectly evident that a

new case had to be made out, a task which the Author accordingly

proceeded to execute in a vigorous and independent manner. He
thi-ew over the Secretary of State's orders as regarded laying a

third rail on the Scinde line, and decided to reduce it to a metre

gauge, whilst the opinions of the Government of India as to

reserve rolling-stock for military emergencies were treated with

sublime indifference.

To the first of these proposals, namely, to reduce the gauge of

the line between Kurrachee and Kotree, probably the Scinde

Eailway Company might have something to say ; but how about

the second proposal, to dispense entirely with the extra rolling-

stock required by the dislocation of the gauge ?—the necessity for

which had been recognized, as far as he could learn, by every

person who had ever been asked for or had given an opinion on

the subject, excepting by the Author.

He found, for example, from official documents, that the Viceroy

in Council—who was generally allowed to have a voice in the

matter,—had " no hesitation in adopting the conclusion that this

Peshawur railway should be designed and carried out, so as to

ensure the smallest expenditure that will provide a thoroughly

permanent and useful iron road, that can be traversed by the or-

dinary locomotive and wagon stock in use on the Punjab and

East Indian railways at a low speed."

If this were not sufficient he could quote the opinion of the

Secretary of State, who first gave his assent to the construction

of this railway, namely, " that a second class line, such as has been

proposed by Colonel Strachey and others, would fail to secure
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any very important advantage," and could give five other ex-

tracts from the Government despatches, all fully recognizing the

importance of heing able to draw upon the other great Indian lines

for reserves of stock ; which, however, the Author not only dis-

dained, hut declined to allow one penny for extra narrow-gauge

stock, which would, to some extent, have made up for the loss of

use of the broad-gauge stock.

It was certainly a bold theory to advance that, " for the

liahore-Peshawur section, the cost of providing rolling stock suffi-

cient for ordinary traffic would be the same whether the gauge

were broad or narrow," for that was simply to say that a narrow-

gauge railway, isolated from all the other lines of India, stocked

at the miserable rate of 1 engine and 30 vehicles for every 13

miles, would no more require any extra stock, and would
therefore, in other words, be as reliable and efficient as a standard-

gauge railway would be when in free communication with some
5000 miles or 6000 miles of fully stocked line at its back; but

he could not express his opinion of such sophistry without

departing from his good intention to speak with becoming respect

of a favourite Government project. Had he known the ground

the Author intended taking up Mr. Lee Smith could have offered

him rather a good suggestion, namely, that he should adopt

the more decided opinions upon a break of gauge, recently laid

down in a publication entitled, " The Battle of the Gauges,"

and reproduced in the "Times," of the 17th February, 1873,

in an extremely flattering review of that work. The following

were the exact words :
—" When a long journey has to be con-

tinued over the lines of different companies, a break of gauge

where these lines join would be a positive saving." Now that

was something like an argument ! and if it were sound Mr. Lee

Smith was doing a service in calling prominent attention to it.

What a chance for Government when they took over the Irish

railways! And as no opportunity of effecting a 'positive saving'

should be neglected, a few judicious breaks would probably be

introduced into the English railway system as well. But mean-

while, until this theory was more fully developed and explained,

he suspected the Meeting would not be driven from its old-

fashioned idea that a break of gauge was a source of delay, loss,

and grave inconvenience. As for the Peshawur line, the rough

common-sense idea would be, that instead of narrowing the gauge

at Lahore the funnel ought there to be widened, or that the

desired saving might be better effected by retaining the standard

2;au2:e and economising in the item of stock.
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But all these suggestions were overruled ; a sum of £6,000,000

or £7,000,000 was to be expended on the construction of a line

declared to be " of the highest political importance," and " of

as great strategical importance as any yet to be made," and which,

to be kept down to that figure, to save £530,000, was to be stocked

on literally the starvation principle, contrary to the wishes of

even its own promoters ! He thought the Meeting would unani-

mously agree with him that the game would not pay for the

candle, and that to expend £6,000,000 or £7,000,000 upon a half

useless undertaking would be a criminal waste of money.

A very curious argument was advanced against borrowing

rolling-stock if the standard gauge had been preserved. It was
stated in the Paper that :

—" Heavy-line engines could not be per-

mitted to travel upon their light rails ; so that, in order to be able

to utilize on emergency the borrowed vehicles, it would be necessary

always to maintain on the Punjab lines a duly-proportioned number
of reserve engines to haul them, the enormous expense of which
would of itself be an insuperable objection to borrowing."^ This

Avas clearly an admission that the traffic superintendent on an

emergency might find himself short not only of wagons and
carriages, but of engines as well ! Admitting the possibility that

he might require to borrow five shillings, he allowed an insur-

mountable barrier to be placed between himself and his friendly

neighbour, who said :
—

" If ever j'ou should find yourself in siich a

fix, you may rely on me for half-a-crown." But why did the

Author build all this part of his argument on the supposition that

the standard gauge must of necessity be a light line, and shut

his eyes so resolutely to the possibility of using a heavier rail?

A very fair start in this direction had actually been made, as

rails intended for the Peshawur line, weighing 60 lbs. to the

yard and sufficient to lay 100 miles, had already been sent out.

What the Government of India proposed to do with these rails

he did not know. They had told the Secretary of State that

" they can be used elsewhere, probably on the Eajpootana

line," but as that was also to be a light metre-gauge line

the advantages of the suggestion were not very apparent. Dis-

regarding, however, such experience as Mr. Harrison's of what
he had done with 40-lbs. rails, when he had run the traffic between

England and Scotland over them for about four years—had the

Author reckoned the additional cost of making these Punjab lines

fit to carry, not only the vehicles, but also the engines, of the

Vide ante, p. 226.
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neighbouring lines ? Tliis could probably be done most cheaply in

the first instance by increasing the number of sleepers and putting

them closer together, but a better plan would be to increase the

Aveight of the rails up to 50 lbs. per yard. He had estimated what
it would cost to do that upon the Indus Valley line, carefully

worked out at the prices quoted in the officiating Chief Engineer's

estimate, dated only a few months back, and allowing for the

extra quantity of ballast and for the additional length of sleepers,

he found it would be just £250,690. And upon the Peshawur line

about—for in this case he had not the Government rates^^—£ 1 33,050.

These were not large sums to pay for insuring beyond the pos-

sibility of doubt the efficiency of two lines, upon which, almost

entirely for strategic reasons, it was deemed necessary to spend

£7,000,000.

One word more about the rolling-stock. The Author disallowed

the amount claimed by Mr. Fowler and everybody else, for work-
ing through traffic on the narrow gauge between Mooltan and
Lahore, on the ground tliat the balance of broad-gauge stock on
that division, which other lines had not been polite enough
to buy, would remain to supplement the narrow-gauge stock

which he proposed to put on. Now what did this disallow-

ance involve ? Something very like a second break of gauge
at Mooltan ! The traffic, it Avas to be observed, was to come up by
a single narrow-gauge line to Mooltan, but at that point it was
to be split up and put into the stock of two different gauges !

Why, in addition to all the other perfect arrangements for the

harmonious working of their state lines, Government would have

to rear or design a special race of porters and station-masters, as

no ordinary man could possibly be expected to solve the problem

presented to him on the arrival of each train—that of filling the

broad-gauge trucks with Iftlis of the load of two of the narrow-

gauge ones, and vice versa !

The thing, of couj'se, was a farce ; it could not jDossibly work for a

month ; the third rail would be of no more practical use than a

third leg to a pair of breeches ; and the result would be that one

of the present rails of the Punji^b line would speedily be thrown

out of gear, leaving the bulk of the traffic for conveyance on the

metre-gauge line, with the latest mechanical novelty, a 68-lbs. rail

on one side, and a 40-lbs. rail on the other.

' Mr. Lee Smith, however, had taken the price of iron delivered on the line

at £20 10s. per ton, instead of £16 10s. as quoted in the estimates of Messrs.

Fowler, Strachey, Dickens, and Eendel, and the sleepers at the price at whioli

Messrs. Brassey, Wythes, and Henfrey, had been buying them.—H. L. S.

[1872-73. N.S.] X
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To come now to the Indus Valley line, which was declared by
the Government to be " of as great strategical importance as any

yet to be made," be maintained that it was being made on the

wrong side of the river, and he had much more weighty testimony

on this point to produce. Lord Lawrence said it should be " on

the other side of the Indus to that occupied by the main line from

Kurrachee to Kotree;" whilst Lord Napier of Magdala, whose

opinion, as Commander-in-Chief, upon a strategical line was surely

of the greatest importance, had recorded in a separate special

minute, that he dissented from the proposed adoption of the right-

bank side. He had seen in a recent official despatch that the length

of this right-bank line was greater by 34 miles than that on

the left-bank, whilst the Government of India admitted that,

owing to uncertainty as to the cost of the bridges, the total cost

of either line might be considered the same. Setting aside, there-

fore, the disadvantage of increasing the length of journey by
34 miles from the seaboard—had the Government of India cal-

culated the cost of working and maintaining that extra 34 miles

of line? He found that, taking 2 trains each way daily, which

was the basis of the government calculation for rolling-stock, the

cost of working and maintaining these 34 miles of line—capitalised

—would come to £223,360, or £103,360 more than the estimate

of the Government officers for a second bridge over the Indus be-

tween Eohree and Sukkur ; so that by adopting the left-bank line,

with a second bridge at Sukkur, the Government of India would

save 34 miles of permanent detour, £103,000 in cash, and would

have their line on the safe side of the Indus, as demanded by the

Commander-in-Chief. He would now beg to direct the attention

of the Meeting to the relative cost of constructing the Indus Valley

railway on a standard, or 5 ft, 6 in. gauge, and, on a metre, or

3 ft. 3f in. gauge ; and in doing so, as the Author had quoted

chiefly from Mr. Fowler, so Mr. Lee Smith proposed to do the same,

in every case where Mr. Fowler's figures were available. He would

have given his own figures, which were worked out in greater

detail, and would, he believed, be much nearer the truth, but he

preferred quoting from those high authorities whose opinions ought

to command more weight.

In explanation of the table which he had prepared, of the
" Estimated cost of constructing the Indus Valley railway " (page

307), he stated that he was well aware that Mr. Fowler's price for

rails was much under the present market-rate, but so also, as it

happened, was the price quoted on the metre gauge side of the

account, and the comparison, therefore, was perfectly fair.
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The estimate of Mr. Fowler for a line upon the standard gaiige,

between Kotree and Mooltan, was £3,056,404. To this he should

make an addition of £85,394, the second item, on account of 13

miles extra length of line, Mr. Fowler having taken the line as

480 miles instead of 493 miles in length ; and the third item was

the £180,000 claimed hy the Author as a saving to bo effected by con-

structing the line between Sukkur and the Bolan Pass upon the metre

gauge, and which—although, upon such a piece of line, it seemed

quite three times as much as ought fairly to be claimed—Mr. Lee

Smith meant to allow rather than dispute. These three items would

give the total cost of the standard gauge as £3,321,798.

He would now explain the items in reference to the metre gauge

on the other side of the diagram, namely :

—

Miles. £
271 X 6,300 = 1,707,300

222 X 6,000 = 1,332,000

Indu3 bridge at Sukkur 120 , 000

The Meeting" would probably desire to know whence he got

those figures. They were taken from the report by the Consulting-

Engineer for State Railways to the Government of India, who stated

[page 10, par. 17] that the cost of the line would be as he had

quoted; namel}^ between Mooltan and Kotree, about£6,300 per mile;

and between Eohree and Kotree about £6,000 per mile. The estimate

of the Indus bridge at Sukkur, was that made by the Consulting-

Engineer to the Bombay Government ; and although he considered

it greatly under the mark, he preferred to take those figures.

To these three items certain additions were required to be

made. The first, of £327,177, was Mr. Fowler's estimate of the

alterations upon the Scinde and Punjab railways, and which sum
was admitted by the Author. The second item, of £22,500, was on

account of an error made in the length of the sidings of the Scinde

railway, which, with its sidings, was 165 miles, instead of 105 miles

in length, as quoted by Mr. Fowler, and which would, therefore,

require alteration to the further extent of the item quoted. The
third item was for the alteration of the main changing-station at

Lahore, which Mr. Bidder had put down at £50,000. Mr. Lee Smith

had taken it at the more modest figure of £17,500, which was the

sum allowed on this account by Messrs. Dickens, Strachey, and

Eendel ; and the last item was on account of the carriage and

sale of the Scinde railway stock, the depreciation of which, in

Mr. Harrison's opinion, should be taken at 50 per cent. ; but which

he, to be on the safe side, had taken at the moderate figure of 10 per

cent. These together amounted to £386,177, which had to be added,
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to arrive at the total of the metre gauge, and which left a grand

result in favour of the standard gauge of £223,679.

He had quoted the principal figures lapou this side of the

account from the report of the Consulting-Engineer to Govern-

ment as being the highest authority on the subject, though he

did not suppose that the estimates of £6,300 a mile, or £6,000

a mile, professed to be perfectly exact. It was in the power
of the authorities of the India Office to invalidate his calcula-

tions by informing them that they had received later and more
precise information ; but if challenged upon this point, he would

at once produce incontrovertible proof that the figures were quite

accurate enough fur his purpose, which was, to show that the

economy put forth as the plea for breaking the gauge of the Indus

Valley line had no foundation in fact ; that, on the contrary, there

was a decided balance in favour of the standard gauge ; and he

hoped the Meeting would now appreciate, and possibly would even

join in,the Commander-in-Chief "s protest, recorded thus in his Lord-

ship's own words:—"I dissent fiom the 2-ith and 27th paragraphs.

I am unable to consider the construction of the Indiis Valley line

on a broad gauge ' a financial impossibility ' under the present

circumstances of India."

Here they ought to stop. There was no need to say a word

about the Peshawur line in the face of the admission made by the

Governor-General and his council in these words :
—" We have no

hesitation in saying that were it a question of the section between

Lahore and Peshawur alone, we should at once dismiss from con-

sideration all idea of anything but a standard-gauge line." It

was futile to argue, that because the Government had now elected

to follow the line of the Grand Trunk road there was the slightest

necessity for doing so. The original order for the examination of

that line ran thus :
— " Between the two termini, Lahore and

Peshawur, there is but one intermediate compulsory point through

Avhich the line must pass, and that is Eawal Pindi."

Bearing this in view, Mr. Lee Smith decided to take the shortest

route admissible by the natural obstacles of the country, which

would secure the carriage of the salt, the only existing important

traffic of the district. In doing so, he had the high approval of

Lord Lawrence, who advised that the line should go by the salt

mines.^ In short, the line which he recommended was approved

» " I incline to think, -with Colonel Strachey, that the most convenient line

for a railway would be from Lahore to Goojerat and thence by a curve to Find

Dadun Khan."

—

Mimite hythe BkjM Hon.the Gocernor-General. claied27ih Maicli,

1865.
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by the Punjab Government and by all tbe authorities, but the

whole project was abandoned for the time on account of the

expense. How the Grand Trunk road line came afterwards, and

through a complete mistake, to be adopted was a long story. He
told Lord Mayo that the utmost he would save by cutting up his

second line of communication, the Trunk Eoad, would be £200 per

mile, and his Lordship said, half laughingly, "And a very important

saving too
!"

But to conclude. The new orders for the State railways, with

curves of 330 ft. radius, and gradients of 1 in 40, instead of

1 in 70, as he had previously been working on, at once removed

all objections on the score of heavy works, and made the line

via the salt mines feasible, and on seeing this, he wrote without

delay, as a Government servant, and begged that the matter might

be reconsidered. This was on the 16th of February, 1871, exactly

two years ago. He stated that the line " would be straight, almost

as the crow flies, and could be made as cheaply as the Great Trunk
road one." He tried all his powers of persuasion, and even after

he left the service, he still continued to urge the advantages of the

salt line upon the notice of the authorities. He worried every one

whose influence he thought might be brought to bear on the

subject to listen to him. But all was of no avail. He begged one of

the members of the Finance Committee to have him summoned,

who promised, that if the other members thought it worth while,

he would endeavour to do so ; but Mr. Lee Smith had heard nothing

further on the subject.

He had made similar calculations with respect to constructing the

Peshawur railway on the standard gauge, and the results were

shown in the table (p. 311). He found that by following the direct

line there would be a balance in favour of that gauge of £253,828.

Believing that where the gauge of these two lines—" of as great

strategical importance as any yet to be made in India"—was
hovering in the balance, the subject was worthy of the serious

attention of Government, he used his best powers of persuasion,

not in writing only, but in a personal interview with the Under-

Secretary of State, to induce him to refer the matter to a committee,

alleging that half an hour would suffice to test the truth or the

fallacy of his assertions, but without avail. In conclusion, he
begged leave to record his firm conviction that the break of gauge
would certainly result in a clear loss of not less than £300,000 or

£400,000.

Mr. J. Allport said that, as his experience in the working of

railways had extended over a great many years, and for a consi-
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derable portion of the time in connection with ' break of gauge,'

he might venture, without alluding especially to Indian railways,

to state what his views were upon that point, and also in reference

to the relative advantages of the broad gauge and of the narrow

gauge in Great Britain.

With regard to break of gauge, his experience had been con-

siderable for some years past, inasmuch as a portion of the Midland

railway had been constructed on the broad gauge and another por-

tion on the narrow gauge. The break took place at Gloucester, and
such were the evils it entailed, that many years ago the company
determined, at great cost, to make eight miles of narrow-gauge line,

and to convert the old line into a mixed gauge. The Act authorising

the conversion provided, however, that the broad gauge should not

be taken up ; and though that broad gauge, by Act of Parliament,

was obliged to be kept down, because it was in connection with

the broad gauge from Bristol and also from Gloucester, yet from

the time the narrow gauge was opened, not a single engine passed

over that broad gauge to and from Gloucester, and the greater

part of the rails had been kept down almost to the present day
—certainly till within the last twelve months. Now the transfer

of the traffic at Gloucester was so great an evil, that the South

Wales railway and the Midland railway absolutely made arrange-

ments for allowing eight miles of mileage to compensate for that

break of gauge ; whilst in another case, the allowance was now
twenty miles. He had frequently had occasion to mention it before

committees of Parliament ; he thought in all cases the delay of the

break of gauge was never less than one day, and very frequently

it was two days.

The question of salt had been alluded to, and up to the present

day a large amount of salt was transhipped from the narrow gauge

to the broad gauge at Bristol, and that was done, not only at

considerable expense, but at great loss.

In reply to Mr. Thornton's question—through the President

—

of what quantity of salt was brought ? Mr. AUport said, that not

intending to take part in the discussion, he had not brought any

figures with him ; but there were many thousand tons a year, but

whether it was 10,000 or 100,000 the question was the same.

There could be no question that upon low-priced articles like salt

and coal, the break of gauge was destructive to the traffic; and

he ventured to ask practical men whether it was possible, look-

ing at the mineral traffic carried on many British lines—taking

the Midland railway as an example, carrying between eight

and nine millions of tons of coal alone—with all the appli-
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ances that could be arranged, to tranship that quantity of traffic
;

large or small, the question of cost per ton must be the same, pro-

viding there was sufficient traffic to occupy a certain number of

men, wagons, and trucks. And it must be a poor traffic indeed

that would make the cost, because of its smallness, larger per ton

than if they had a large traffic to deal with.

With regard to the goods traffic generally, a nan'ow-gaiige truck

would take from 5 tons to (3 tons, and a broad-gauge truck would
carry 10 tons. Supposing there were not 10 tons to put into a

broad-gauge truck, the same quantity had to be taken in a broad-

gauge truck that could have been loaded into a narrow-gauge

truck, and that, he need not remark, w^as a great loss ; such was
the practical exjierience of men who had had this transhipment

under their observation. The result was, they transferred from

the narrow gauge to the broad gauge the same goods, and the exti'a

weight of the broad-gauge trucks must be so much loss as dead

weight.

A few years ago experiments were made at the instance of the

War Office, in loading a battery of six guns, with horses and
equipments, partly at the King's Cross station and partly at the

Euston station, to travel a certain distance and then to unload.

Any one who witnessed that operation must be convinced that to

tranship an army of even only 20,000 men or 30,000 men, with

horses and equipments, would be so prejudicial and woiild cause

such a vast loss of time, that it would be better, in his judgment,

for the army to march by the road rather than to undergo that tran-

shipment. He did not believe it could be done. The difficulty

of getting horses out of one truck and putting them into another

was so great, that he did not think any officer would under-

take the task ; and as to the guns, the difficulty of getting them
first into the trucks and then shifted to a different gauge would be

so great, that the time lost and the expense of it would justify a

commanding officer in deciding to take his guns by road rather

than by railway. He knew from experience the difficulty of getting

a large number of horses into trucks of the 4 ft. 8h in. gauge ; how
they were to be carried on the metre gauge he was at a loss to

understand ; and he thought that remark would apply to a very

large amount of what was termed the ' impedimenta ' of an army.

Then, again, with regard to the men—they could not be expected

to carry all their accoutrements with them in the carriages. In

the conveyance of troops the muskets were generally put into

separate vans, and it was an easy thing if they had 50 trucks of

one gauge to put their contents into 50 other trucks of the same
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size and gauge, mucli easier than to put the loads of 50 broad-gauge

trucks into 70 narrow-gauge trucks or 80 narrow-gauge trucks.

The difficulty of the men finding what belonged to them would in-

crease the difficulty of moving an army under such circumstances.

This last autumn he was requested, being in Canada, to give

his opinion with respect to the Grand Trunk railway in that

country. One of the first difficulties that struck him was the

break of gauge on that railway. After discussing the question

with the President of the company, the Engineer, and the Manager,

it was decided unanimously to recommend the shareholders to

expend a very large sum of money in altering the gauge of that

line. He regretted that the poverty of the company compelled

them to limit the change of gauge to a certain portion of the line

only, as he was convinced it would have been a great benefit to

them if tliey had altered their entire system to the ordinary gauge

of that country. He regretted he had no facts and figures with

him to bear out what had been said by the last speaker and

by Captain Galton. He thought if there was a curse on a rail-

way system in any country it was having different gauges. It

was the duty of the government of any country to insist upon a

uniform gauge. The adoption of the narrow-gauge for the lines

proposed in India might entail the loss of that country to the

governing classes ; and he would strongly urge upon all who had

any influence in deciding this question to insist upon the entire

railway system of India being constructed upon one uniform gauge.

He did not wish to say the metre gauge was superior or inferior to

the 4 ft. 8i in. gauge, the 5 ft. gauge, or the 5 ft. 6 in. gauge. He
had, however, a strong opinion in favour of the 4 ft. 8j in. gauge,

or, at the most, the 5 ft. gauge ; but what he did say was, that in

his judgment, for the welfare of the country it was imperative

upon the Government to insist upon one uniform gauge.

Captain Tyler, reading from copious notes, said he had felt

great hesitation in taking part in this discussion, but it had

been represented to him that as he was the first to bring

the subject of railways on a narrower gauge than 4 ft. 8^^ in.

before the Institution,^ and as he had since taken a some-

what prominent part in experiments and discussions on the

subject, it would, or might, be supposed, if he did not now
express a contrary opinion, that he was in favour of an universal

metre gauge for the Indian State railways. He could fully appre-

ciate the position of the Indian Government in this matter. They

' Vide Minutes of Proceedings Inst. C.E., vol. xxiv., p. 359.
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had constructed and guaranteed interest on the cost of 5,000 miles

of railway, in a country 1,800 miles long by 1,500 miles wide,

containing 200,000,000 of inhabitants ; they conceived rightly, that,

for the due development of the country, it was essential to con-

struct a further network of, say, 10,000 miles of railway : and they

believed, rightly also, that it was of great importance to effect as

much saving as was consistent with efficiency on this large system.

They were naturally disposed to look despondingly at the heavy

interest which they are called upon to pay for existing lines, and

were as naturally desirous of making future lines pay interest on the

outlay to be incurred on them. They, therefore, took up warmly
the question of narrow-gauge construction, and they were desirous

of utilizing it to the uttermost.

Now, as a warm advocate of a narrow gauge in its proper place,

he had been quite unable—and he was glad of the opportunity of

saying so publicly—to follow the later advocates of narrow gauge
into all their extremes, and he also dissented from those uncom-
promising opponents of narrow-gauge lines who woukl oppose

them in all cases and under all circumstances. There were gentle-

men who would tell them that the heaviest traffic might be carried

more cheaply on a 3 ft. gauge than on a 4 ft. 8^ in. gauge, or

a 5 ft. 6 in. gauge, on the one hand ; and there were others

who would tell them that the narrow gauge was not capable of

being worked with sharper curves, and was hardly less expensive

in a difficult country, on the other hand. He did not care to discuss

the matter with gentlemen holding either of these opinions. But
he did believe that a 3 ft. gauge or a 3 ft. 6 in. gauge was suited

to some circumstances, and that a 4 ft. 8^ in. gauge or a 5 ft. 6 in.

gauge was suited to some other circumstances ; and the question

at issue was, to what circumstances were they respectively suited ?

The elements to be considered were :

—

1. First cost in construction,—comparatively.

2. Cost and efficiency of working and maintenance,— compara-

tively.

3. Nature and quantity of traffic.

4. Gauge of existing railways, and number and position of

points at which there would be break of gauge.

5. Strategic requirements.

These points required to be considered separately and carefully,

with reference to each particular line to be constructed ; and they

led to other important considerations, such as speed and general

efficiency.

In the preticnt instance, the Author, taking the best materials in
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his possession, endeavoured to arrive at a comparison of cost

which was evidently anything but reliable, when applied to

10,000 miles of railway over a country of vast extent, presenting

great varieties of character, climate, and traffic ; and he rather

summarily disposed of the question when he said that there must

be either narrow-gauge railways or no railways at all. Perhaps

the Author would be nearer the truth if he were to say that

India must have railway's, of whatever gauge ; but they ought

to be made in the cheapest possible way, consistently with the

most economical and efficient working and maintenance.

Various opinions had been expressed as to the saving to be

effected by the adoption of the metre, or narrow gauge. This was
estimated by Mr. Bruce at £200 per mile, by Mr. Harrison at £400

per mile, by Mr. Thornton at £1,000 per mile ; by Mr. Fowler and

by Mr. Hawkshaw at different figures between these extremes ; by
General Strachey at £1,000 per mile to £1,500 per mile, in per-

manent way alone, and as much more in other items, say £2,000

per mile. Now the extreme difference between £200 per mile and

£2,000 per mile, multiplied by 10,000 miles, became no less than

£2,000,000 against £20,000,000.

The Institution ought not, and it could not, seriously discuss the

question without more accurate information of a reliable character.

Mr. Harrison did the best he could, with the information before

him, to pull to pieces the estimates of two other eminent Engineers

of the greatest experience, and to found his own conclusions

upon the ruin which he had effected ; but Captain Tyler hardly

siipposed that Mr. Harrison's conclusions would be quite satis-

factory to himself, and he was sure that Mr. Harrison would

prefer, and would be the first to advocate, that in a comparison

of cost as between two gauges, the precise line of railway

should be indicated, precise information in regard to it should

be obtained, and accurate estimates of that particular line should

be framed.

Captain Tyler held that the method adopted by Mr. Thornton,

of averages between Mr. Fowler's estimate and Mr. Hawkshaw's
estimate, produced results which, under different circumstances, and

for different lines, were entirely fallacious. Facts and figures were

jDroverbially deceptive, but averages were perhaps still more decep-

tive. He I'emembered in one case finding fault with some fish-bolts

which were too short, and having it pointed out to him that, as others

were too long, the average was sufficient. Similarly, when, on a

very recent occasion, he had referred to a train as having been

run on certain days at too high a speed, he was met by the reply



STATE RAILWAYS OF IN^DIA. 317

that the average running speed of the same train for the month
had not been excessive. The absurdity ofsuch averages was obvious,

and it was, he contended, almost as improper to take any average

between the estimates of £200 per mile and £2,000 per mile above

referred to—and to multiply it by 10,000, in order to arrive at the

saving of the metre gauge over the 5 ft. 6 in, gauge, for future

Indian railways. Some of the projected lines would show a greater,

others a less saving in this respect ; and it was only right and
proper to take each case, with acciirate estimates and information,

on its own merits, and then duly to weigh the different conditions

of the problem.

Another instance of the fallacy of averages improperly applied

had been afforded by General Strachey, who had cited the average

traffic carried on a working railway, and then contended that— as

such average traffic could be carried on a railway on the

metre gauge —- railways on the metre gauge would be capable

of doing all that could be required of them. The traffic on

the East Indian railway was, he apprehended, much greater

on some parts than on other parts of the line, and at certain

times and seasons, than at other times ; and the same would

be the case on the lines yet to be constructed. And any one, who
knew anything of railway working, was well aware that the incon-

venience of a crowded traffic, which was severely felt at certain

times and seasons, and on certain lines, would be very easily dealt

with, if it could be averaged and distributed at the pleasure of the

traffic managers. To take a familiar instance, the carriages and
platforms of the Metropolitan railway were sometimes over-

crowded and sometimes empty ; or take the case of Easter

traffic or Christmas traffic in this country, or the' Scotch traffic

at certain seasons, and the same was the case. The question

really was, whether the metre gauge would be sufficient for the

maximum traffic that could be brought upon the lines constructed

on that gauge, at all times and all seasons, rather than whether it

was adapted to the average traffic of any existing line. What
that traffic was, over all or any of the various lines proposed,

they had no present means of knowing, and it was therefore

impossible for them profitably to discuss further this part of the

subject.

Then, again, the comparative cost and efficiency of working and of

maintenance, as between the two gauges, depended upon the cha-

racter and quantity of the traffic ; and there was one point that he

had not heard referred to in the course of this discussion—that of

speed. It was obvious that, on long lengths of line, it might be a
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great object to run, at times, if not with daily trains, at a high

rate of speed, in order to save time on long journeys; and the

metre gauge could not be considered to be well adapted for such

high rates of speed. On lines, therefore, on which high rates of

speed might be required, it was one argument against the metre

gauge that it was not so well adapted . to high speed as the

5 ft. 6 in. gauge, and especially if stability were to some extent

sacrificed in the rolling-stock.

The disadvantages, which he had seen in practice for so many
years, of the break of gauge—which had at length been happily

put an end to in South Wales—had been already sufficiently referred

to ; and Mr. Allport had referred to the change of gauge that had

been lately effected on a line with which Captain Tyler had been

many years connected in Canada. The cii'cumstances of the Grand

Trunk railway were peculiar. A break of gauge had there actually

been effected during the past year between one part of the line and

another; and that which was ironically proposed by a previous

speaker had thus been carried out in practice. The gauge of that

railway had been narrowed for 1 80 miles between Sarnia and Fort

Erie, on the opposite side of the Niagara river, to Buffalo, from

5 ft. 6 in. to 4 ft. 8^ in. ; and the lesser evil of a break of gauge

had been incurred—it was hoped temporarily— at Stratford, in

order to avoid the greater evil of the break of gauge at two

important points on the line, which were in connection with the

great American lines of railway. The Author, however, spoke

of a break of gauge as not being of great importance, for he said :

—

" If, in some unforeseen emergency, a regiment ever did arrive

by rail at Lahore, requiring to be sent forward immediately, the

only time lost would be the half hour or so spent by the men in

walking from the broad-gauge train to a narrow-gauge train,

already laden, in anticipation of their arrival, with whatever

guns, ammunition, &c., were needed for their full equipment.

This occasional half hour or so would be the only delay (if any)

which ever could be caused by break of gauge." ^

All those who had studied the question of transporting bodies of

troops by railway would well understand what he meant when he

said that the difficulty was not to run trains along the lines, but to

collect the necessary rolling-stock at one end, to arrange for the

arrival of the troops, horses, guns, munitions, provisions, stores, &c.,

to get the soldiers into the carriages, to embark the ' materiel,' &c.,

to send them off train after train, and then to disembark them at

> Vide ante, p. '226.
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the other end ; and they would further understand the difficulties,

delays, and confusion which had to be encountered, in remembering

that a break of gauge necessitated all those operations being gone

through twice over. In this case of the Indus Valley line, there

were 1,000 miles between Kurrachee and Peshawur, and he need

not dwell upon the importance of being able, in a case of emer-

gency, to transport troops rapidly over portions or the whole of

that route. They had been led to believe that one great advan-

tage of having railways in India would be, that they might

without fatigue to the troops by long marches, take them through

the country, and whilst employing smaller forces, be prepared to

concentrate within a short period the number of men required at

any point. He maintained that, not only by break of gaiige in

certain localities, but also by using the metre gauge for certain

through routes and in certain localities, they would do away with

many of the advantages which had thus been anticipated fi-om

having railways in India.

In conclusion, he said, the question before them was a very serious

one—serious to the Indian Government —serious to the maintenance

of the British rule in India. It was one which ought only to be

decided after the most careful computation, the most careful inquiry,

the most detailed examination. It had its financial, its political, and

its strategic, as well as its engineering aspects. It was capable of

closer discussion than it had received, as far as was apparent, from

all these points of view. Those who had decided it ought, he

thought, to be able to tell them why the metre gauge was the best

to be adopted, and why it should be universal, and precisely

where those 10,000 miles were, which had been included, as they

were told, in the ' progi-amme '—how many breaks of gauge they

would ultimately entail, with existing lines—what amount of

traffic and what description of traffic might hereafter be expected

to be dealt with, at those points of breaks of gauge. When that

information had been obtained or afforded, other questions would
also come forward for discussion, namely, 1, whether, if and when
10,000 miles had been constructed on the metre gauge, it would
not be found necessary to convert the 5,000 miles, now existing,

on the 5 ft. 6 in. gauge, also to the metre gauge ; and 2, whether

the metre gauge would be a satisfactory gauge to adopt uni-

versally throughout such a country. He ventured to suggest that

it would be very wise on the part of the Indian Government
to reconsider the whole subject, and to do so—not with a foregone

conclusion, that what was good for one portion or various portions

of the country was good for the whole country—not with reference
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to an average mtiltij)lied by 10,000 to make up an assumed saving

in first cost— but after deliberate consideration of the various

elements of the case, such as he had indicated, and their detailed

application to the different districts in which railways were to be

constructed.

Mr. C. E. Spooxer, reading from a manuscript, said, that it would

appear there were two things that must be the cause of Indian rail-

ways not having resulted successfully in a commercial point of view :

either the lines constructed had cost too much, or there was not

sufficient traffic to pay fair dividends upon capital expenditure.

The Paper appeared to point out that the want of success was really

due to both those causes. From diagrams which he had made of

the comparative difference of the works of a single, and of a double

line of railway of the 5 ft. 6 in. gauge and of the metre gauge, with

the same I'adii and curves for one as for the other—not, in fact,

showing the full advantage derivable from the narrow gauge—he
had arrived at the conclusion that the proportionate percentage in

favour of the metre gauge, over that of the 5 ft. 6 in. gauge, was

32 per cent, for a single line, and 31 per cent, for a double line of

railway.

The cost of the railways, already constructed in India, on the

5 ft.6 in. gauge—less freight and insurance, telegraphs, stores, rolling-

stock, engines, and establishments —-amounted to about £11,000

per mile.^ Taking this cost as a datum, upon the 5,000 miles of rail-

way already made, the 32 per cent, gain in construction, if made on

tlae metre gauge, or £3,520 less cost per mile, would show a total

' Average Cost per Mile of Earthwouks, Bridges, Permanext Way, and
Stations on the Indian Kailways, according to Mr. Danvers' Eeport :—

Length reduced Cost of
to Single Miles. Works, &c.

£
East Indian (ra.iin line) and Jubbulpore 1,559 16,355,000

Great Indian Peninsula ],12S 14,672,059
Madras (South-West line) 492

|
Ditto (North-west line) 185/ C, 117, 250

Bombay and Baroda 325 4,805,000
Scinde 114 967,129
Punjab 246 1,025,983
Delhi 174 3,204,535
Eastern Bengal 113 1,960,729

4,336 49,107,685

Average cost per mile £11,325

C. E. S.
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saving of £17,600,000 to the State. If the 10,000 miles contemplated,

were made on the metre gauge, instead of on the 5 ft. 6 in. gai^ge,

the saving would be £35,200,000; and that would be the minimum
diiFerence of cost, without mentioning the advantage gained in

earthworks, &c.—by the use of sharper curves through undulating

lands and a hilly country—and in maintenance and renewals of per-

manent way, and by the less wear and tear of the rolling-stock.

That total saving of £17,600,000 would be equal to £880,000 annual

saving, out of the £1,600,000 that the Indian rate-payer had now to

pay. For the 10,000 miles of railway proposed, the annual saving

would be £1,760,000, without calculating any gain through greater

durability of permanent way or the economy of working the metre

gauge, over that of the 5 ft. 6 in. gauge. It must be admitted by
all, that the Indian railways were a commercial failure. The
object sought was to obviate a similar failure as regarded the

construction of future lines. The making of light railways upon
the standard gauge appeared to him to be inconsistent and wrong
in principle. The cost of earthworks, bridges, tunnels, &c., to

formation-level would be alike in both cases, nor would the

supposed economy in lighter engines and rolling-stock be found

to succeed.

The Author, after his analysis of Mr. Fowler's estimate and of

Mr. Hawkshaw's estimate, assumes the difference in cost between
the metre gauge and the 5 ft. 6 in. gauge in land, earthworks, bridges,

sleepers, and ballast would be £1,000 per mile for the contemplated

lines in the Punjab. This amount was less by £2,620 per mile

than the minimum difference, he was able to arrive at, according to

the above estimates. For economy of construction, and to meet the

necessity of opening out the Punjab, Indus Valley, and Rajpootana

districts, it would appear advisable that the lines should be

constructed of the metre gauge throughout; also, that the

existing 5 ft. 6 in.-gauge lines between Lahore and Mooltan,

and between Kotree and Kurrachee, be converted to the metre

gauge, and the proposed line between Lahore and Peshawiir and

Mooltan and Kotree be constructed on the same gauge, making a

through trunk line, on that gauge, of 1,092 miles. Then there

would be the collateral lines from Sukkur to Dadur, and from

Sukkur to Eajpootana. The rolling-stock could be drafted on to

the 5 ft. 6 in.-gauge lines from ofi" the Lahore and Mooltan rail-

way, and the line from Kurrachee to Kotree. Mr. Fowler's estimate

for laying down a third rail between Lahore and Mooltan, and for

relaying the line between Kotree and Kurrachee on the metre

gauge, a length of 319 miles, was £327,177, or £1,025 per mile;

[1872-73. N.S.] Y
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SO that, on the same data, if two rails were laid down, it would
cost £2,050 per mile, while his estimate of £680,000 for the 773

miles gave a saving of only £879 per mile.

It would appear that if a plan was adopted to supply the metre

gauge in the Punjab and Eajpootana country with a transhipment

depot station at Lahore, a much larger saving could he effected to

the state. Supposing that the 773 miles from Peshawur to Lahore,

and from Mooltan to Kotree, were constructed on the metre gaiige,

and that the 5 ft. 6 in .-gauge lines from Lahore to Mooltan, and

from Kotree to Kurrachee were altered to the metre gauge, the

saving would he £2,548,693.

Supposing, on the other hand, that the 773 miles were con-

structed upon the light system, and the standard gauge between

Lahore and Mooltan, and between Kotree and Kurrachee remain

untouched, the difference in favour of the metre gauge would be

£1,737,043. He was laying a 2 ft.-gauge line through I'ather a

hilly country, and he did not hesitate to say, that with propor-

tionate curves to those of the 5 ft. 6 in. gauge, the earthworks

would cost nearl}^ four times the money.

In regard to the transhipment of traffic, the difficulties were more
imaginary than real. With the transhipment junction of the

Festiniog and Cambrian railways, Avhere a traffic at the rate of

25,000 tons annually was conducted, but which was laid out for more
than double that traffic, the difference in cost over the ordinary

junction was £2,740. Of coals, lime, or other heavy material,

2 men could tranship 100 tons in 1 day of 10 hours, or at a cost

in wages to the company of Id. per ton from one tipping appa-

ratus, but the charge by the company was 4d. per ton, to cover

cost of works, land, engines, &c. Timber and goods were tran-

shipped to the extent of 60 tons in 10 hours by 2 men with a

crane, or, in wages, about 2d. per ton. Of slates, which had to be

carefully moved by hand and packed, 4 men could tranship 60 tons

in 1 hours ; from Sd. per ton to 6d. per ton was paid when the work
was let on contract, on account of the irregularity of the work.

The time occupied by passengers in moving from one j^latform to the

other was about 5 minutes. Light goods, from the transhipment

warehouse, or from one truck into the other, were changed with

rapidity. No compensation, up to the present time, had been paid

by the company for damage on transhipment of minerals or goods.

A similar transhipment junction at Lahore, upon a more extended

scale, might be made, so as to accommodate any possible amount or

description of traffic, and it could be furnished with cranes, tipping

apparatus, goods-sheds, &c. Had the contemplated lines been but a
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few miles long, it would have been eas}^ to understand the objec-

tions made as to transhipment ; but when a whole country of so

many thousand square miles, and the great length of the proposed

lines, with their full complement of rolling-stock and engines, was
considered, the objections could not for a moment hold good, as it

practically could only occasion a few hours' delay in the transit of

minerals and goods, and of military stores ; and passengers would
only be delayed a few minutes. The small cost of transhij)ment

and loss of time in transit was too insignificant to be considered,

when it was divided over so large a mileage. There would be no
change, from one gauge to the other, of stores and passengers for

the whole of the North-Western provinces, excepting at Lahore,

and probably a large military depot would be established at that

point by the Government.

Lord Lawrence said he would not attempt to enter into the vexed

question of the relative merits of the broad, and of the narrow
gauges. It was a matter of professional opinion, rather than that

of a man trained as he had been; but this he could say, that

—

bearing in mind that hitherto there had been in India a broad

gauge—he thought, as a matter of convenience, they ought to con-

tinue the broad gauge, unless there were strong reasons to the con-

trary. Nevertheless, he was bound to say, he thought there were

strong reasons for further consideration. He believed, as a matter of

fact, they ought to consider the question of cost rather than the

question of convenience. A gentleman had stated to the Meeting

that he could make a railway, on the Madras coast, on the broad

gauge very nearly as cheaply as he could make one on the narrow
gauge. There might be peculiar circumstances which would enable

bim to do something of the kind ; but, as far as Lord Lawrence's expe-

rience went—and without aspiring to professional knowledge on

the subject, he might say he had some experience of the matter,

and had studied it—he believed it was quite out of the question

that they could make a railway on the broad gauge, with anything

like the cheapness they could make one on the narrow gauge. He
preferred judging of the future by the experience of the past.

Something like 5,000 miles of railway in India had been con-

structed on the broad gauge, and these 5000 miles had, in round
numbers, cost £90,000,000 sterling; therefore about £18,000 per

mile had been spent upon these 5000 miles. He had never heard

any engineers say that they could make a railway on the broad-

gauge principle under £10,000 per mile; and he believed, as

regarded the Mooltan line, the estimates were something like

£12,000 per mile. On the other hand, he understood that the portion

Y 2
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of that railway whicli was to be made on the narrow gauge could he

constructed for £7,000 per mile. That was called the missing link

between Mooltan and Kotree, and was something like 450 miles in

length. In the case of the broad gauge then, it might be assumed
that the estimate was £12,000 per mile, and in the case of the

narrow gauge £7,000 per mile. On the 450 miles the extra cost

of the broad gauge would be something like £2,500,000 sterling.

Then taking the upper part of the line, from Lahore to Peshawur :

the diiference in cost was £1,500,000; so that on the whole line

from Peshawur to Kotree between the broad gauge and the narrow
gauge there would be a difference of something like £4,000,000

sterling.

It was scarcely necessary to say that India was a country with an
enormous area ; it was, moreover, a poor country. Its great wealth

was its agricultural produce. There was not much doing in the

way of mining operations. There was not much in the way
of manufactured goods to carry ; what would be carried on that

railway, in particular, would principally be agricultural produce.

The lines they had hitherto made in India were the main
lines; for the most part they were through the richest and
most fertile and best populated parts of the country. Now
it was notorious that those lines, having regard to the capital

expended upon them, did not pay. Some of them would in

course of time, no doubt, do so; but a large portion would

perhaps never pay at all. Now, bearing this in mind, it fol-

lowed that the tracts of country through which the new lines

would go were, by comparison, poor ; and if the main lines, at their

high cost, did not pay, the branch lines in the poorer parts of the

country would have a still less chance of paying. The only chance

of their making an adequate return would be by constructing

them in the cheapest and most economical wa}^, consistent with

efficiency.

Now, if he could show that the line from Peshawur, down to

Lahore, and from Lahore down to Kurrachee and the sea, would

not suffer, as a railway, from a break of gauge, he thought it would

follow that a break of gauge might be permitted in other parts of

the country. The line he had adverted to was notoriously made
for a considerable extent for military purposes. From Lahore to

Kotree the country was badly cultivated ; it was in many places a

wilderness. The population was sj)arse, large tracts were desert.

The line of railway from Lahore to Kotree had to compete with the

River Indus, which, he need hardly say, in its downward course

was quite sufficient for the transit of agricultural produce. Now it
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was quite hopeless to expect that line to pay a dividend for many-

years. If it paid as much as its working expenses, for the next

eight or ten j^ears, it was as much as they could reasonably

expect. The only traffic of commercial importance, going up the

river, would be in piece-goods, with regard to which break of

gauge would not be very important ; but, bearing in mind that it

was mainly a military line—and, but for military considerations, it

would not be constructed—he maintained that a break of gauge

was of no real importance. They could not, in India more
especially, nor, indeed, he submitted, in any country, carry consi-

derable bodies of troops through long distances without rest and
refreshment. On the other hand, there was no objection to carry-

ing stores and supplies for an army through hundreds of miles

continuously. But if their military arrangements were worth

anything, they were so arranged as to bear the press of a great

demand for a certain time. A matter of a day or two was of no

importance as to stores and supplies, which would be accumulated

in suitable positions, in depots in the vicinity of an army on the

frontier ; but with respect to troops, they must have places for rest

and refreshment along the line of a railway ; and they could make
the resting places where the break of gauge occurred. Where
would be the breaks of gauge ? Kotree would be one, Mooltan would

be another, Lahore would be another. Those were the places

where the troops would stop. Moreover, if an emergency arose, the

troops would be sent on from place to place, and one detachment

would be gradually following up another ; so that, in point of

fact, whether they regarded the troops, or the stores, or the supplies,

there could be no sensible disadvantage in break of gauge at

those points he had mentioned. He did not say that circum-

stances might not occur in which they might wish to send troops

more or less quickly to the frontier ; but he could scarcely conceive

a state of things where really and truly the moderate rate of

100 miles or 150 miles a day in the movement of troops could

not do all that the circumstances required. They did not make
railways for what might happen once in twenty years, or thirty

years, or in the life of a man ; but they made them to meet the

ordinary wants of the country. He was convinced that—notwith-

standing certain disadvantages and inconveniences, which he ad-

mitted to be attendant upon a break of gauge—the railways on the

narrow gauge would be quite sufficient for all the real requirements

of the frontier ; and he thought that to do more than that would

be really and truly a waste of money.

Now, he was aware, that what he had said would not be very
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acceptable to some of his audience. He believed most of them were

Engineers, and, without intending to say a word of disparagement

to the profession, he thought it was only natural that Engineers

should wish to have the best, and most complete, and most effective

railways that could be made ; and that perhaps, in doing so, they

were in some degree—he would not say regardless—but that they

did not give sufficient consideration to the question of expense. He
thought the Engineer, on such a question as this, should certainly

be heard. Much which he had to say was worth hearing, and

what he did say should be borne in mind. Eegarding this question

of a break of gauge in India, it was a question as much for the

financier, the administrator, and the statesman, as it was for the

Engineer.

Now, the sum and substance of what. Lord Lawrence had said

was this—except as regarded the break of gauge, he thought the

narrow gauge the best. Let them accept the narrow gauge for the

future. If they did that, they might have railways in India

which would do an enormous amount of good. They would be

able to pay for those railways, and in a moderate time such rail-

ways probably would pa}'^ ; otherwise he, for one, said, have no

more railways. If they were to get into debt, and to heap up
debt after debt, he thought they would get into great difficulties.

He thought it was a wise course to do what he had suggested.

At any rate, what he had said he believed ; and his feeling was so

strong, that he felt bound to give expression to it.

Mr. JuLAND Danvers said, that looking at the interest which
aj)peared to have been excited b}'' the discussion, it seemed a little

surprising, that before this time no Member of the Institution

had brought forward a subject which was regarded as of such great

and general importance. Perhaps if the question had been raised

at the Institution two or three years ago, it would have been met
with less prejudice, and with a little less feeling. Those who
had come to teach might have felt they would have had more
hope of producing an impression, and those who came to learn

might have felt that they were more open to I'eceive instruction

;

but be that as it might, the Institution must feel indebted to the

Author for having boldly come forward and confronted the engi-

neering world with his thesis. The Author had divided the subject

into two parts, the first having reference to the general introduc-

tion of light railwaj^s in India, and the second to the application of

that system to a particular district. Mr. Danvers proposed, in

the few observations he should venture to submit, to confine him-

self entirely to the question of the introduction of light railways in
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India, feeling that tlio application of the system was a matter

which must of necessity be left to the responsible government of

that country. He would ask them for one moment to look at a

map of India, and to consider the immense area of the Indian

Empire, and also its great resources, and further to trace out the

lines of railway which now existed there ; and he thought every-

body who had any knowledge of the country would at once admit

that it was at present but ill provided with railways. Its great

want was internal communication. Its resources were large. Its

agricultural products, as Lord Lawrence had stated, were the chief

staple of the country ; but these could not be brought to market
for want of proper means of communication. Cattle draught upon
ordinary roads was slow, expensive, and uncertain, Mr. Danvers
therefore ventured to hope that this assembly would admit that the

introduction ofany plan whichwould rapidly provide for that country

a system of communication to be worked by mechanical power, was
the correct one to pursue. He did not for one moment mean to

contend, upon professional grounds, or with technical weapons,

with those engineering giants who had preceded him in the

debate. He was read}' almost to tremble at the notion of getting

into the clutches of that powerful triumvirate who had com-
menced the discussion, and seemed almost to have governed its

subsequent course throughout; but he would ask them to descend

from the region of science and philosoj)hy to that of common
sense.

He had always been under the impression that size had some-
thing to do with expense, and that whether the work were a house,

a road, a tank, or an embankment, the cost was always in propor-

tion to the dimensions ; but he was met by the observation that

this did not ajiply to railways. In answer to that dictum he
would venture to bring forward a few facts which had come under
his own experience. One line of railway in the upper provinces of

India, the Oudh and Eohilkund, was first laid out for a narrow-

gauge line. It was estimated that its cost would be £6,000 per mile.

After the scheme had been agreed uj)on, an alteration took place

in the views of the government, and the broad gauge was adopted
;

the cost of the line, in consequence, became £9,000 per mile instead

of £6,000 per mile as originally intended. It might be said that a
portion of this exj^ense had been incurred in consequence of

heavier rails and heavier materials being employed. He granted
it. He allowed £1,000 per mile for that, and yet in this examjile

the saving which would have been eifected by using the narrow
gauge was something like £2,000 per mile.
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Another case occurred in Southern India. The Carnatic railway

was laid out and estimated, as for a broad-gauge line ; but it was
afterwards determined that a narrow gauge should be substituted.

The original estimate for the broad gauge was £7,000 per mile

;

the estimate now accepted was £4,895 a mile, leaving a saving

of £1,730 per mile. He admitted that the rails would be rather

lighter, and producing in that item a saving of about £600. A
line had been constructed in Bengal 27 miles in length, being a

branch of the East Indian railway, the cost of which had actually

been £3,000 per mile, laid—upon an existing road, he should add

—with light rails and suitable for light engines ; still it answered

its purpose. Mr. Douglas Fox had described a line in Canada
which had been constructed for £2,400 per mile. That was
just the kind of work wanted in most of the districts of India, and

why should they not have it there? But Mr. Danvers could

bring forward a case where a line at lower cost even than that, had
been constructed in India. Mr. Barnett informed him, that when
he contracted to construct a portion of the Madras railway, he, for

his own purposes, laid down a short line from the main line to

certain quarries and depots with a view of obtaining materials for

his work. The line so laid down on the 3 ft. 6 in. gauge was stated

to have cost only £2,200 per mile. This, again, was the description

of railway which, while probably rough, as well as light, was suited

for many districts in India.

Believing, therefore, as he did, that the extension of the railway

system in India was much needed ; that in most districts the traffic

would be accommodated by light narrow-gauge lines ; that there

would be considerable saving in the construction and working of

such lines as compared with broad-gauge lines ; that a greater

extent of railway communication might be established, than if the

broad gauge were adopted, Mr. Danvers came to the conclusion

that, notwithstanding the break of gauge involved, the Govern-

ment was right in introducing light railways on the narrow gauge

into India. He did not wish, for one moment, to dispute the dis-

advantages, in certain places, of a break of gauge ; but he did think

that the absence of those disadvantages might be dearly purchased,

and he thought it would be dearly purchased if they attempted, in

India, to continue to take a broad system of lines into the numerous
districts that required railwaj^ communication. He thought India

was indebted to the Council of the Institution, for having allowed

so much time and attention to be devoted to a question of so much
interest to that country. Many Members of the Institution had
done excellent service in India. He hoped that they would continue
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to do so, and that they, and their sons after them, would help to

promote the prosperity of that country, by taking part in the ex-

tension of the railway system upon the cheapest possible principle.

Mr. ViGNOLES, Past-President, said he would not have pretended

to enter into this discussion, which had been so ably sustained, and,

in fact, upon every point nearly exhausted, by those who had pre-

ceded him ; but it so happened—and he supposed the fact was
unknown to most of the gentlemen present—that more than thirty

years ago, when the mere idea of making railways in India was

laughed to scorn, he was engaged by leading gentlemen of the Ea^
India Company to investigate the desirability and possibility of

making railways in India. On that occasion he wrote an elaborate

report, and he would ask permission of the Council to have it

printed in the Appendix.^

In that report he laid down certain leading principles and argu-

ments, and, on looking at it again after the lapse of so many years,

there was scarcely one word of those principles or arguments which
he would now retract. One of the chief reasons he had for asking

that it might be published in the Minutes of Proceedings was to

controvert the observation made that engineers, and the members
of the Institution in particular, looked to the glorification of them-

selves and to the magnificence of their works.

The whole argument of his report was " economy." He therein

demonstrated that railways might very well be made in India for

£8,000 per mile. This report was filed in the records of the East

India House ; but when that building was taken down there were
some three hundred tons of valuable documents disposed of to the

paper-makers, and he thought it possible that this report might
have been amongst them.

The report, however, was published in the Bombay newspapei's

in 1843 and 1844, and was commented upon by the eminent Dr.

Buist. Subsequently—when Mr. (now Sir) Macdonald Stephenson

had urged the question in India and in London—a London Board
of Directors issued a prospectus, inviting subscriptions for an East

Indian railway, and Mr. Vignoles was appointed Engineer-in-Chief.

This post he resigned in consequence of his having been honoured

by Lord Dalhousie with the offer of becoming the leading member
of a commission, then about to be established by his Lordship, to

study the question of railways for India ; and, subsequently, the

late Mr. J. M. Rendel, Past-President, became his successor iu the

private company.

Vide Appendix II.
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Circumstances occurred which broke off the negotiation with

Lord Dalhousie, of which he woukl only say that the failure left no

reproach on him, though the opportunity was lost for carrying

into practical effect the suggestions made, and the principles laid

down in his Report.

It was probable that General Strachey had never heard of this

report, nor of the report made by the Irish Railway Commis-

sioners. It was quite evident that neither the Author nor Mr.

Danvers, nor any of their predecessors in office, could ever have

heard of these documents ; for there was not a recommendation

with respect to the Irish railways which was not applicable,

word for word, to India, and there was not a single suggestion

in the report which had not been stultified and ignored by those

who had undertaken to manage the railway affairs of India,

or had carried out the railway system in that countr}', who-

ever they might be. Far from allowing any gentleman to say,

uncontradicted, that it was wrong for any one in this room to

suggest, that what the Government ought to have done now, was

to have taken the advice or to have consulted the opinions of

the Institution of Civil Engineers, Mr. Yignoles said, that if the

Indian Government had done so thirty years ago thej" would have

far better benefited that country, and would have been in a very

different position on the question ofrailways to what they now were.

One of the leading principles repeatedly laid down by the Irish

Railway Commissioners was, that, before railways were carried out,

as a system, in a new country, the greatest care should be taken

in the first instance that those lines which were profitable should

be made to pay for those which were not profitable ; whereas, by

the way in which the railways in India had been unsystemati-

cally carried through, the chief profitable lines presenting openings

had been executed, under a guarantee of interest from the Govern-

ment. Mr. Yignoles ventured to say that the advisers of Government
had been unfaithful trustees, and General Strachey, Mr. Thornton,

and Mr. Danvers, or whoever the trustees for the time were, had

been false to that tmst. Their trust was, from the beginning, to have

studied the question on a much larger basis than those gentlemen

appeared to have done. The representatives of the Government had

no right to throw in the teeth of the English engineers that it was

necessary to be acquainted with all the details of Indian circum-

stances to judge of a question like this, since they, as trustees, had

shown themselves igniorant or neglectful of these very details.

This was a great, a national question, which had not been treated

as it ought to have been, for the action of the Indian Government,
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under bad advice, had left the remoter parts of India in such a

situation that the State couM not afford to make railways through

them, because they had not previously sufficiently studied the

resources of the country.

Mr. Vignoles trusted his declaration would be accepted, that it

was not of the slightest interest to himself, personally, how the

question before the Institution was resolved by the Government.

Until the Paper was read he had almost forgotten, for thirty years,

either the subject of railways for India, or the consideration of

the break of gauge in any country ; and he fancied he must have

been asleep during that long period, when he was roused up
and informed that Indian railways, instead of having been con-

structed for £8,000 per mile, had really cost £18,000 per mile, and

that it was proposed to obviate this extra cost, for the future, by
breaking the uniformity of gauge, now spread over a network of

5,000 miles, and thrusting in a narrow gauge of one metre ! And
what was this crotchet of a metre ? Was it to insert the thin end

of the wedge, and to make a bold step for introducing the whole

metrical system of Aveights and measures into India, as built up on

a ' soi-disant ' scientific basis ? If the Government advisers thought

the metre was a scientific unit they were quite mistaken. It was a

mei'e arbitrary unit, for it had been demonstrated at least twenty

years since that the conclusion arrived at by the French philo-

sophers towards the close of the last century, namely, that the metre

was exactly some few millionths part of the quadrant of the ter-

restrial globe was erroneous, and thus the scientific basis of the

metre vanished. As an Engineer, Mr. Vignoles asserted that the

assumed saving of £1,000 per mile was illusory. He maintained

that without breaking the present gauge they could have cheap and

light railways in India, a necessity which the Government advisers

had found out, at last, after twenty-five years of ' meddle and

muddle,' and such railways the Government might have quite as

efficient, and quite as cheap, within a few hundred pounds per mile,

upon the present gauge, as upon the metre gauge. Though he had

prepared ample notes for the purpose, he would not now enter

into details. It had been already much better and more effectually

demonstrated by others, than he could have done, how absurd and

how detrimental the proposed change of gauge would be, and in

how little additional cost the retention of the present gauge would

really involve the Government.

The consideration of cost led him to observe that, if the differ-

ence between the interest guaranteed by Government to private

companies and the actual net returns from the railways did
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really fall, as a tax, on the great mass of the population, that

was on the agricultural class, certain curious questions arose.

Had not railways contributed to increase the land revenue of

India to the great extent it had swollen to ? Had not the districts

pervaded benefited enormously? Would not the construction of

roads, converging on to the lines of railway, have increased the

trafl&c? and why had not such roads, as feeders, been made?
Whose duty was it to have made them ? and so on. He would

quote his report before alluded to :
—" Without observing further

on the policy of the East India Company, it may be remarked, that

little or rather nothing has been done by them for India for the

true development of its resources; since easy means of internal

communication—the very first step necessary to efiect this object

—

have never been attempted until very recently indeed ; and were

the whole projected system of railways unconditionally undertaken

by the company, it would be but a tardy fulfilment of long-deferred

obligations which their claim of seignorial dues on the land requires

of them. That ' property has its duties as well as its rights,' is

equally true in India as in Ireland ; and quite irrespective of the

political colour which was given to that aphorism." ^ An article

in the " Athenaeum," written several years previously, said :
—" A

nation may wisely spend money upon other considerations than

those which govern a private capitalist."

He would ask what was the state of the roads of India in 1840 ?

He would answer :—In the four coUectorates adjacent to Bombay,

over 30,000 square miles, an area larger than Ireland, there was

only one mile of metalled road for every 50 square miles; and

during the rainy season, that is during a third of the whole year,

only one mile of road practicable for carriages to every 300 square

miles of territory. It was no better, and often much worse, over

every other part of India, where the towns and posts of the

interior were so many isolated spots during the rains, and however

important it might be, either in a military or commercial sense,

it was impossible to pass carriages along the roads such as they

were. ^

And so the roads remained, at the present time—the interest

being guaranteed to the private companies, they would not make

roads as feeders—and the only way for the government to re-coup

their annual loss of one and a half million must be to make those

feeders themselves.

Vide Appendix II., § 96.

2 Vide Ibid., §§ 34, 35.
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Before concluding, Mr. Vignoles referred to an alole report, in the

Archives of the Institution, written in the course of the summer
of 1872, by Mr. Walton W. Evans, of New Tork, one of the most

distinguished Engineers in America, in reply to a request from

the Agent-General of the British colony of Victoria, to furnish

information for the guidance of the government there on the sub-

ject of the narrow gauge for railways. This report was most
instructing and exhaustive, and recommended itself to the notice

of all interested in the present question. The substance was
decidedly conclusive against the narrow gauge, for very sufficient

reasons assigned, and this was stated to be the opinion of every

leading engineer in the United States.

Major-General Strachey, by permission of the President, and in

explanation, said, that no doubt Mr. Vignoles had brought a great

many valuable facts before the Meeting ; but that gentleman had
mixed up with his facts a certain quantity of statement, which he

never would have thought of making if he had been connected

with any of the guaranteed railways of India. If that gentleman

had been Engineer of any of the guaranteed lines he would never

have associated General Strachey's name with the guarantee of

Indian railways ; he never would have said that he upheld such

a financial policy, or that he had been anything but the consistent,

and some gentlemen might say the bitter, and even offensive,

opponent of that system ; therefore he accepted no responsibility

for anything that had been done in connection with railway gua-

rantees in India. What, in fact, he had been doing for many
years, was to try to obviate the evils that had arisen from that

system ; and he was in that unfortunate position, that the evils

which had arisen from a system of railways, thoroughly incom-

patible to the country, had now to be corrected, and he was the

unfortunate person to bear the brunt.

Mr. J. Brunlees read the following observations, and stated, that,

as he was not in any way connected with the construction of rail-

ways in India, what he had to say on the question before the Meeting
was without bias. He had, however, constructed lines on the

3 ft. gauge, the metre gauge, the 1 • 1 metre gauge, the 3 ft. 6 in.

gauge, the 4 ft. 8^ in. gauge, and the 5 ft. 3 in. gauge ; and he might,

therefore, safely say he was not wedded to any one to the exclusion

of all others. His opinion was that the gauge was a question of cir-

cumstances, and that where it would be wisdom, in one case, to lay

a certain gauge, it would in another be the height of folly. Generally

speaking, he was in favour of a narrow gauge, say the metre gauge,
for the development of thinly populated countries, and he would
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illustrate his meaning by reference to a country witli which he had
had a great deal to do, namely, Brazil. The first railways constructed

there, were on the model of the best European lines, to a gauge of

5 ft.3 in., and their average cost per mile had been more than £20,000.

When some 500 miles of line had been constructed at that rate, the

Brazilian government reconsidered the whole question, and, he
thought wisely, resolved that all future extensions should be on
the metre gauge. The Brazilian empire contained an area of

nearly 4,000,000 square miles, with a population of 10,000,000, or
2i persons per square mile ; and it was obvious that if the interior

was to be opened up and its great natural resources developed by
railways, it must be by means of lines costing much less than

£20,000 per mile. By adopting a cheap system of construction, he

found that lines of a metre gauge could be made in Brazil for from

£6,000 per mile to £7,000 per mile ; and such lines, worked at mode-

rate speeds, and without expensive station buildings and appliances,

had met all the requirements of the country. As regarded the lines

constructed in Brazil on the broad gauge, he was of opinion that

before long it would be found necessary to reduce them to the

metre gauge. It was not more than two years since the metre

gauge was adopted, and many of the lines in course of construction

on it started from the coast, and had no connection with the broad-

gauge lines, therefore the evils of a break of gauge had not yet been

experienced ; but, without doubt, they would eventually be expe-

rienced, when the Brazilian railway system became further deve-

loped. In saying this, he must not be understood as laying down
the principle, that a break of gauge was never allowable, but

merely that in the case of Brazil, where the mileage of broad-gauge

lines constructed was so small, in proportion to that of the narrow-

gauge lines which had to be made, it would be absurd not to have

x;niformity of gauge.

He came now to the question more immediately before the

Meeting, and he spoke with some diffidence on it, from not being

personally acquainted with India. Still there were facts that were

patent to all, and it was on those he should rely. India was little

more than one-third the size of Brazil, and its population was

between 110 persons and 120 persons per square mile; it required,

therefore, much greater facilities in the way of railway communi-

cations than those which were proportionate to the requirements

of the sparse population of Brazil. His ojiinion therefore was that

both the broad gauge and the narrow gauge were reqixired in India,

but under different conditions from those which had hitherto been

brought before the Institution.
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It wag not his intention to go into the question of the relative

cost of the broad-gauge lines and of the narrow-gauge lines in India

to the extent that had already been done by Mr. Bruce and others.

The 5 ft. 6 in. gauge, he thought, would now be admitted to have

been a mistake in the first instance, and that, had a somewhat lighter

type been adopted, say the 4 ft. 8^ in. gauge, there would not have

l^een any necessity for discussing the advisability of introducing

the metre gauge. His objection to the 5 ft. 6 in. gauge was that

it was altogether too heavy for the requirements of a country

where the traffic was not concentrated, but had to be picked up
in small quantities from numerous stations on a long length of

railway. Wagons weighing, when empty, nearly 6 tons were
employed in carrying a few bags of grain or logs of dye-wood, or

other produce, and the result was that the proportion of the dead

to the paying load, carried from and to roadside stations, in India,

was excessive. The stations and accessories were, in consequence,

on a larger scale than was necessary, while the expenses of the staff

wore swollen by the number of porters required for shunting and
moving the heavy stock about ; the locomotive expenses and main-
tenance being also increased much out of proportion to the traffic

conducted.

Five thousand miles of the broad gauge, however, existed, and no
one, with the exception of Captain Galton, had the boldness to sug-

gest that they should be in any way interfered with. Mr. Brunlees

accepted them as an unavoidable evil, and, in spite of the disad-

vantages he had enumerated, he was decidedly of opinion that the

broad gauge should remain the standard gauge for the railways of

India, and that the whole of the seaports, and the chief military

stations and commercial centres of the country, should be connected

by lines of that gauge. On lines still to be built a saving might,

however, be effected by judicious economy in construction. The
permanent way might be made somewhat lighter ; expensive build-

ings at stations might be avoided ; and, above all, a lighter rolling-

stock might be introduced. By these means their cost would be

brought nearer to that of the metre-gauge lines proposed by the

Government, and the immense evil of a break of gauge on the

main lines or trunk lines of the country would be avoided.

As regarded the metre-gauge lines, he thought that they should

be laid out merely as feeders to the railway system of the country
—in fact, taking the place of roads—and should therefore be con-

structed upon a diminished scale to that proposed by the Govern-
ment. They should partake more of the character of steam tram-
roads. The rails should weigh not more than oO lbs. per yard

;
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the engines from 8 tons to 10 tons, and the wagons Ij tons empty,

with a carrying capacity of 3 tons. The passenger carriages should

weigh about 2 tons, and he equal to the accommodation of 20 people.

Finally, the speed should not exceed from 10 miles per hour to

15 miles per hour. This might seem a low rate, but it must be

remembered that the lines would be used almost exclusively for

goods, and by natives, to whom 10 miles a day was now the ordinary

rate of travel. No station buildings, beyond sheds, would be needed
;

and lines of the description he had sketched might, he estimated, be

constructed at an average cost of about £3,500 per mile. In short,

he believed that, by adopting a plan such as he had suggested, of a

system of narrow-gauge lines or tramways, acting as feeders to

the main system of broad-gauge railways, these latter would in a

very short time pay the guaranteed rate of interest, and the feeders

would return a much higher percentage.

Before concluding his remarks, he must make a few observations

with reference to the proposal of the Government to construct the

Indus Yalley railway as a narrow-gauge line. He thought, with

the previous speakers, that it would be a grave error to carry out

that proposal, the consequences of which it was impossible to esti-

mate.

The Indus Valley railway would, unless the line from Ajmere

to Sukkur were constructed, be isolated from the remainder of the

proposed narrow-gauge system, and no interchange of stock in

cases of emergency would be possible ; and it was evident, from

what Mr. Lee Smith had said of the nature of the country

through which the Ajmere-Sukkur line would pass, that such

a line would scarcely pay its working expenses. This being so,

the cost of its construction should certainly in part be debited to

the Indus Valley railway, as the cost of bringing it into communi-

cation with the proposed narrow-gauge system. If this were done,

the saving claimed by the Government in the construction of the

Indus Valley line as a narrow-gauge line would at once disappear,

and an excess as compared with the broad gauge would be exhibited.

It appeared to him, therefore, that so far as that line was con-

cerned, the arguments had utterly failed to show that any economy

would arise from the departure from the broad gauge ; while the

proposal to interpose, on one of the most important strategic lines

in the countr3% a piece of isolated narrow-gauge line, was, to say

the least, ill-advised. He had known only one similar instance in

practice, and in that case the circumstances were of a peculiar

character. He referred to the Mont Cenis summit line, constructed

upon a narrow gauge, between the French system of railways at
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St. Michel, and the Italian system at Susa. The traffic in this case

was chiefly passenger traffic, and, though the break was only for a

distance of 50 miles, the inconvenience experienced was most
serious. To the development of the goods traffic it was excedingiy

detrimental. Each ton of goods cost 8d. in transhipment^ and a

day's delay, the station arrangements being very expensive and
complicated. In fact, if there had been a great amount of goods to

deal with ; or had an army, with its baggage, commissariat,

ammunition and artillery accompaniments, made its appearance,

there would have been inextricable confusion. The experience he
gained in connection with that line had convinced him that, on all

main lines or trunk lines of communication, break of gauge was an
evil to be avoided at almost any cost in the construction.

Mr. Sandbkrg said, he had not any experience of the relative

merits of the gauges in India, but he would state what had been

done in regard to that matter in Sweden. About three years ago

a discussion took place between the railway engineers and some
members of the government respecting the continuation of the

gauge adopted in that country, owing to the railway, on the

standard gauge of 4 ft. 8g in., being considered too expensive.

The arguments on both sides were so equally balanced that no
decision was arrived at, and the result was that the standard

gauge was continued, but the cost was reduced by a lighter con-

struction, which necessitated a lower speed. The main lines had
been kept up to the same gauge, and there were about 107 miles

of narrow-gauge lines now open. Taking the average cost of the

4 ft.-gauge lines and the 3 ft. 6 in.-gauge lines, the cost of those lines

was about £500 per mile cheaper than the 4 ft. 8-| in.-gauge lines

with light construction. Eailways of the same gauge with heavy
construction and adapted for higher speed had cost £7,000 j)er mile.

There had been considerable discussion whether it was advisable

to change the gauge to 3 ft. 6 in. He was aware what their neigh-

bours in Norway were doing and while they were converting some
of their 4 ft. 8^ in.-gauge lines into 3 ft. 6 in.-gauge lines, the

reverse was being done in Sweden. He might state that the

opinion of the Swedish engineers generally was, that they had no
reason to regret the step they had taken. Great improvement had
taken place in the traffic, and from the discovery of coal in the

south of Sweden, a large traffic was anticipated, and perhaps the

single light 4 ft. 8J in.-gauge lines would not be sufficient. There

was now very little support given to the narrow gauge, in Sweden,

and lines which had been proposed on a 3 ft. 6 in. gauge had

generally been executed on a 4 ft. 8^ in. gauge. He had recently

[1872-73. N.S.] z
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published a complete " Account of the Swedish Eailways, their Cost^

Gauge, and Speed ;" * a few extracts from which, he thought, might

form a useful portion of the Appendix.*^ In conclusion, he wished

to state, that he had received a communication from Baron von

Weber, M. Inst. C.E., who was an eminent authority, giving his

opinion not only on the gauge question in Sweden, but also on that

subject for extensive application in Austria, to the following effect:

—

" I am exceedingly obliged to j^ou for forwarding me your Report

on Swedish railways as to cost, gauge, and speed, and I now beg

you to allow me to translate it into German, and add my remarks.

" It comes in very well for me now, as I have formed a Company
with large capital for the construction of branch lines in Austria,

on the normal gauge of 4 ft. S^ in., constructed in the most econo-

mical manner, and worked at a speed of from 10 kilometres to

14 kilometres only. I am at present engaged in enforcing the laws

which free railways of this class from all the regulations of traffic

and municipal supervision, by which the cost of construction and

working is considerably increased.

" Austria, with her mountains and immense agricultural produc-

tion, is just the country for such railways, and I think I shall be

right in carrying out your plans on a large scale. Your Eeport

confirms thoroughly the opinion I have expressed to my Govern-

ment, and I shall therefore lose no time in publishing it in

German, of course giving your name."

Mr. E. Price Williams, speaking from copious notes, said,

he should have thought, before hearing the speech of General

Strachey, that the estimates brought forward by the Author

were rather of a corroborative character, in support of the more

detailed and exact estimates upon which, it was to be pre-

sumed, the Government had arrived at the grave conclusion to

alter the gauge in India. He found, however, he had been mis-

taken, and that the estimates, if they could be called such, which

General Strachey had brought forward in support of the figures

given in the Paper, were, if anything, of a more general and

vague kind. He gathered from what General Strachey said,

in commencing his remarks, that, to some extent, he discredited

the Author's assumption of the saving of the narrow gauge, with

the qualification that this did not disturb the general conclusions

arrived at by the Government ; but shortly afterwards he rejected

altogether the Author's figures as wholly inapplicable, but still he

' Vide " Engineering," February 21, 1873.

^ Vide Appendix III.
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asserted that the financial advantage secured was great—that it

justified the conclusions of the Government. General Strachey

then gave his own views of what was likely to be required on an

Indian narrow-gauge line, and said, that if metre-gauge lines, as now
constructed, were not able to carry the trafiic, the whole argument

in their favour failed ; while, further on, he afSrmed that the narrow

gauge was able to carry anything that could be brought on it.

Mr, Price Williams had understood that the chief argument in

favour of the adoption of the narrow gauge was, that it provided

a means of carrying trafiic in localities where the amount was so

limited as not to justify the use of ordinary railway plant. So

long as the traffic was of that limited character, he considered

there would be full justification for its adoption ; he would, for

instance, suppose the adoption of it in such a country as Norway,

where the population was extremely sparse, and where the loads

per train were half those of an ordinary-gauge line, in other

countries. It was clear, in that case, that rails, sleepers, ballast,

weight of engines, &c., must be proportionally reduced ; in fact,

the line would become, in every respect, a sort of model of the

broader gauge to scale, with half traffic to carry. Such lines, in

fact, were the admirably designed, and no less admirably con-

structed lines described by Mr. Carl Pihl ; and he could not

help regretting that he had not the opportunity of explaining, as

he would have done, that he was in no way the advocate of the

views which General Strachey put forward, or that narrow-gauge

lines constructed for a very limited amount of traffic, such as he had

referred to, were at all equal to carry the large traffics of standard-

gauge lines. Directly it was contended that these miniature

railways could carry any traffic that was brought upon an ordinary-

gauge line, the whole argument in their favour completely broke

down. In the first place, the weight of the rails, the scantling of

the sleepers, the bearing surface on the ballast, and the power and

number of engines must be increased to the full proportion required

on the broad gauge. The number of vehicles must similarly be

increased, and disproportionate running expenses must be incurred.

It had been estimated by General Strachey that the saving to be

anticipated from constructing the Lahore-Peshawur line with rails

weighing 40 lbs. per yard instead of 60 lbs. per yard, was from

£1,000 per mile to £1,600 per mile on the permanent way ; 30 per

cent, to 40 per cent, saving in cost of ironwork of bridges, besides

minor economies of all sorts, which he considered it unnecessary to

mention ; and he gave, as the total saving on the permanent way of

the Lahore-Peshawur line, £350,000, and on the bridges, £280,000
;

z 2
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or say, on the whole, £750,000. The saving on the permanent way
of the Indus Valley line he estimated at £500,000, and probably,

he said, as much more on other items, making altogether on the

Indus Valley a saving of £1,000,000; which, with the saving on

the Lahore-Peshawur line, made a grand total of £1,750,000;

deducting a round £500,000 for breaks of gauge, it left a total net

saving, as General Strachey said, of £1,250,000. Now, it would be

seen, that of this estimate £850,000 rej)resented the saving on

permanent way alone—£1,300 per mile on the Peshawur line, and

about £1,042 per mile on the Mooltan-Kotree line. These figures,

General Strachey said, did not take into account the greater

economy of maintenance of the narrow gauge, which would pro-

bably be in proportion to the greater economy in the first cost.

Now Mr. Price Williams begged to dispute the assumption of

greater economy in maintenance. General Strachey, after stating

he did not think he was entitled to take it, nevertheless availed

himself of this assumed saving in maintenance, on Mr. Hawkshaw's
basis, raising the whole amount of saving to about £2,000,000

sterling; £1,600,000 of this was due to saving in construction and
maintenance of permanent way, namely, £350,000, permanent way
of the Peshawur line; £500,000 ditto, Mooltan-Kotree line; and
£750,000 saving in cost of maintenance on both the above lines.

It would not fail to be noticed, that in the estimates both of the

Author and of General Strachey, after all, the great bulk of this

enormous saving was in the matter of permanent way ; and it

would be seen that General Sti-achey's estimate was largely in

excess of those given in the Paper,

Eeturning to the Paper, he demurred entirely to the correctness

of the axiom laid down at the outset, that the broad gauge was
never adopted except with broad, heavy vehicles, and that on narrow
lines comparatively light vehicles were used. Mr. Hawkshaw,
upon whose estimates the Author professed to rely, expressly stated

in his Eeport :
—" That a very large saving of £2,050 per mile would

be obtained by the adoption of a lighter form of engine and a lighter

construction of road on the standard light gauge as compared with

the standard heavy gauge lines." Mr. Harrison had further drawn
attention to the fact that in England there were many lines of that

description, and instances could be largely multiplied.

Mr. Price Williams was about to construct a light railway on the

standard gauge in the west of Ireland, the circumstances of which
he felt had a direct and practical bearing on the subject under

discussion. The Irish gauge, as was well known, was very

similar to the Indian broad gauge, namely, 5 ft. 3 in. The line
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alluded to was about 60 miles in lengtli, and for the greater

part a surface line. Its sharpest curve had a radius of 10 chains ;

its steepest gradient was 1 in 60. It traversed a thinly-populated

district, with a small traffic of about £7 per mile per week, necessi-

tating its construction on the lightest possible scale consistent with

efficient working. Impressed with this necessity, its promoters

consulted him u2:>on the advisability of constructing it on the

narrow gauge, and he accordingly prepared estimates for a light

line on the 3 ft. 6 in. gauge, with 40-lbs. rails, as follows :

—

IRISH RAILWAYS.
Comparative Cost per Mile of 5 ft. 3 in. Gauge and of 3 ft. 6 in. Gauge.
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on the narrow gauge of £207, or 7^ per cent, on the total cost of con-

struction, which was very much about the amount of saving which
Mr. Bruce mentioned as having heen estimated in the case of a light

railway in India. Of this total amount of saving, a little more than

1 per cent, represented the saving in land ; 46 per cent, in earthwork
;

41 per cent, in permanent way, and about 1^ per cent, in bridges

;

the latter being few and unimportant. With regard to the 41 per

cent, saving in permanent way, the principal item was the saving in

sleepers. He adopted for the narrow gauge the scantling of sleepers

given in Mr. Fowler's estimate for the Mooltan-Kotree line, namely,

9 in. X 4J in., in order to show the largest possible saving that could

be calculated upon. He prepared also the following estimate of the

relative cost of maintenance and renewals on both gauges :

—

IRISH EAILWAYS.
COMPAKATIVE COST of MAINTENANCE and EENEWAIiS of PERMANENT WaT

upon the 5 ft. 3 in. Gauge and upon the 3 ft. 6 in. Gavge.

Rails (42 lbs.)

Fish plates

Fish bolts . .

Spikes

Sleepers :

—

8 ft. 6 in. X 9 in. x 4J in.

6 ft. 9 in. X 8 in. x 4 in.

Ballast :

—

Top
Bottom

Labour to renewals

:

Rails

Sleepers

5 ft. 3 in. Gauge.

Cost

per mile.

£ s. d.

598 10

52 10
17 10
31 10

Life.

Annual Cost
of

Renewals.

yrs.

25
25
25
10

205 6 8 10

44 10
44 .

,

44 25
44 0| 10

Labour to ordinary main-"!

tenance, packers, &c. . ./

3 ft. 6 in. Gauge.

Cost
per mile.

£ s. d. £,

23 18 10 598 10
2 2 52 10

14

3 3

20 10 8

17 10
31 10

132

4 8 37 12 6

37 12 6

1 15 2 44
4 8
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The extra cost of maintenance and renewals on the narrow

gauge was £13*37 per mile, which, capitalised at 20 years, repre-

sented £267 8s. 4:d. ; the saving in cost of constrnction, as already

explained, being £207, leaving a balance against the narrow gauge
of £60 per mile. He should state that the cause of the increased

cost of maintenance and renewal on the narrow gauge, under
similar conditions and amount of traffic, was entirely owing to the

smaller scantling of the sleepers, and for the following reasons.

The life of rails, as was well known, was measured by the tonnage
and the speed, or ' speed tons,' as they were called. The same held

good as to the life of sleepers. The additional element of the

natural decay of the wood had also to be taken into account.

Assuming the amount of traffic to be the same on both gauges,

it was evident that the life of the rails would be the same ; and
assuming the scantling of the sleepers on the narrow gauge to be
smaller than that of those on the broad gauge, and the amount of

traffic in both cases to be the same, it followed that the life of the

sleeper of the smaller scantling would be the shortest. The life

of a common larch sleeper, of the scantling referred to, was 10 years

for the larger sleeper, and 6 years for the smaller sleeper. The
smaller scantling sleepers, as was usually the case, consisted of the

top portions of the trees, and the wood was consequently more sappy
and perishable. It followed, therefore, that under a given amount
of traffic, any reduction of scantling of the sleepers was necessarily

attended with additional cost of maintenance and renewal of way,

as renewals were more frequently required. The natural inference

to be drawn from all this was, that it really was more economical

to use the better and costlier material, even for these narrow-gauge

lines. It was obvious, if the smaller scantling would do for the

narrow gauge, it would do for the broad gauge under a similar

amount of traffic. It might be argued that the broad gauge re-

quired a sleeper 2 ft. 3f in. longer than the metre gauge. That was
not so, as the bearing surface upon the ballast was proportionate to

the load carried, and quite independent of the gauge ; consequently,

what was a sufficient bearing surface in the one case was absolutely

necessary in the other : for instance, if there was a longer sleeper in

the one case, it was essential to have a broader one in the other.

There was this additional advantage in the longer sleeper, that

the load was distributed over a wider surface of ballast, ensur-

ing greater stability, and reqxiiring less frequent packing of the

road. lie would point out what seemed hitherto not to have been

referred to, namely, that where longitudinal timber sleepers, or iron

pot sleepers were used—and he understood they were being used to
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a large extent in India—there was no saving whatever as between

broad-gauge lines and narrow-gauge lines in that respect.

Eeturning to the estimates—he would draw attention to the

Table (p. 344) as showing that the actual average saving was

£735 per mile, and not £984 per mile, as was made to appear in

the Paper.

What had really been presented in the Paper was a maximum
estimate, or nearly so, as might be seen from a reference to the

following tabular statement, in which he had given, on the one

hand, all the largest items in Mr. Hawkshaw's estimate and in

Mr. Fowler's estimate ; and on the other hand, all the small

items. The maximum estimate of saving was thus shown to be

£1,183 per mile, or very little more than the Author's estimate;

while the minimum estimate only amounted to £287 per mile ; and,

supposing the wish to be father to the thought, it was quite open

to the Author to have taken the smaller estimate. Mr. Price

Williams would particularly direct attention to the fact that, in

the estimates both of the Author and of General Strachey, the

great bulk of the estimated saving was in the item of permanent

way.

It would be seen that the saving in the cost of construction of

the permanent way was estimated, by the Author, at 36 per cent.

;

and in addition to this, a further saving of 20 per cent, was shown
in the item of maintenance ; making altogether 56 per cent., which

would represent considerably more than half of the total estimated

saving of £10,000,000.
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Author's estimate of saving on the permanent way was entirely

dependent upon the adoption of sleepers of the smaller scantling, as

given in Mr. Fowler's estimate, the adoption of which must inevitably

result in a large addition to the annual cost of maintenance and of

renewals consequent upon the shorter life of the sleepers, and, to a

certain extent, in extra cost of repairs due to the greater instability

of these narrow-gauge lines when subject to similar conditions and

amounts of traffic. Mr. Price Williams found, from Mr. Lee Smith,

that the life of ordinary sleepers used in that part of India was much
about that which he had given. Assuming, therefore, in the Author's

estimate, the same scantling sleepers to be used in both cases, this

saving in first cost entirely disappeared, and with it, of course, the

20 per cent, saving in maintenance also. He would, at the same

time, draw attention to the fact that Mr. Fowler made no claim at

all for extra cost of maintenance. No one knew better, indeed,

than Mr. Fowler that, under a given amount of trafiic, the more

lightly-timbered permanent way must necessarily be the more

expensive to maintain and renew. With regard to the saving in

ballast, all that could possibly be claimed was the saving of the

central strip of 2 ft. 3f in., representing the extra width of the broad

gauge. As to the 1 ft. 3 in. estimated depth of ballast for the broad

gauge, if 1 ft. would do for the one gauge, it was obviously sufficient

for the other ; and if the sleepers were the same length in both cases

—as Mr. Price Williams maintained they should be—that item of

saving also disappeared, and with it the entire saving in earthwork,

as the width of formation required would then necessarily be the

same. With regard to the £45 per mile saving for sidings, the

greater number of vehicles would require greater length of sidings,

so that there could clearly be no claim under this head. Then
there was the item of engineering and agency, which, after the

very large deductions he had already made in the total estimated

amount of saving, would necessarily be very much reduced also.

There now only remained the large item of 20 per cent, saving

on earthwork, by having sharper curves and heavier gradients.

Mr. Hawkshaw, he thought, had already disposed of that.

Mr. Price Williams would notice, however, that no account had

been taken in the estimates for the additional length of line due to

these sharper curves, which, if it were taken at only 10 per cent.,

would amount to an additional cost of £175 per mile on the Mooltan-

Kotree line. No claim had been made by the Author, or by the

other advocates of the narrow gauge, for saving in respect of the

rolling-stock, either in cost of construction or maintenance ; all the

experience on this subject showed conclusively, that there was
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no real economy in constructing the framing of rolling-stock on

too slight a scale, even for these light lines. He might state

he had availed himself of an opportunity afforded him of examining

the drawings of rolling-stock for both broad guage and narrow
gauge in India, and he had been struck with the exceedingly slight

character of the framing of the carriages and wagons designed for

the metre gauge. With the view of satisfying himself on this

point, he had been at the trouble of taking out the quantities of

timber in each case with the following results :—The quantity of

timber in a low-sided truck, of the standard gauge, with a carrying

capacity of 338 cubic feet, was 86 cubic feet of timber ; while the

low-sided truck, of the metre gauge, on the Indian lines, with a

carrying capacity of 168 cubic feet, had only 45 cubic feet of timber

in it. It would be seen from this, that the carrying capacity of

the standard-gauge truck was just double that of the metre-gauge

truck, and that the cubic quantity of timber in each was very

much in a similar proportion, so that there was obviously no saving

in dead load.

He would now say a few words upon the running expenses on the

narrow gauge, of which no notice had hitherto been taken. In
considering these estimates, it was obvious that the greater

number of vehicles required to carry a given load on the narrow
gauge would require either more powerful and heavier engines, or

duplicating the trains. In the first place, he would ask what
would happen to the iron girder bridges which General Strachey

spoke of reducing to the extent of something like 30 per cent, to 40

per cent. In the latter case it was evident the cost of the extra

rolling-stock would have to be taken into account, and also the

additional running expenses, which would be greatly increased.

Much had lately been said and written, as to the saving in dead

load on the narrow-gauge lines. Figures had been freely quoted,

showing the proportion of the dead load to the live load, or paying
load, on the broad-gauge lines to be in the proportion of 5 to 1,

while the proportions on the narrow-gauge lines were shown to be

only 1^ to 1. He thought it was now necessary that such loose

and unfounded statements should be exploded. He could state,

from his own investigation on this subject, on the rolling-stock of

the Great Northern railway, that anything like that ratio of dead
load to live load did not obtain ; while in the case of the light

standard-gauge rolling-stock and the light metre-gauge rolling-

stock there was, as he had already shown, nothing to prevent the

ratio of the dead load to the paying load being identical in both

cases. He believed nothing had more commended these narrow-
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gauge lines to public favour and consideration than this alleged

saving of dead weight, and consequent economy of construction

and working. It was easy to gather, from what Lord Lawrence
said, that the chief motive which had induced the Government
of India to sanction the adoption of the narrow gauge, was the

idea of its greater economy in construction and working ; and as

far as the motive was concerned, it was one deserving of the

highest respect and consideration. At the same time, it was,

in Mr. Price Williams' opinion, evident that what had been

decided on must inevitably result in defeating the very object

sought to be obtained. It would also not fail to have been noticed,

that Lord Lawrence, while admitting his inability to deal with

the engineering data upon which these estimates of saving were

based, yet appeared to rely implicitly upon and to believe in the

reality of this large saving—which Mr. Price Williams ventured

to think had been conclusively shown not to exist. Lord Lawrence,

in fact, spoke of the broad gauge as costing £12,000 per mile, and

the narrow gauge £7,000 per mile. Those figures representing, it

would be remembered. General Strachey's own estimates of the cost

of a broad-gauge line with 60-lbs. rails, and a narrow-gauge line

with 40-lbs. rails. It was notorious that they had as yet no reliable

experience of the actual cost of maintenance and working of these

narrow-gauge lines ; indeed, sufficient time had not elaj)sed since

their first introduction to allow of any just conclusion being

arrived at as to the cost of working them. AVhat little experience

they had in regard to the Pestiniog line seemed to bear out very

strongly the view Mr. Price Williams took, namely, that although

there might be a slight saving in the cost of construction of the

works of the line, &c., still the narrow gauge must necessarily be

more expensive in maintenance and renewals ; and he should have

been glad if Mr. Spooner had aiforded the Meeting some explana-

tion of the very disproportionate cost of the working expenses on

that line, to which Mr. Harrison had drawn attention.

It was as well to bear in mind the great difference in the cir-

cumstances of light railways in Great Britain and in India. In

this country they were intended to serve as branches and feeders

to the main lines, and as such, he believed, they were destined to

fulfil a very important function, in developing the resources of

large agricultural districts at present almost entirely deprived of

railway communication. In India, at all events, the majority of

the lines that had been constructed or proposed partook really of

the character of main or arterial lines, destined to serve large

districts with vast populations. Mr. Price Williams would
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take, for instance, the Punjab railways, wliicli had the iinenviaLle

distinction of being made the battle-field of the gauge question

in India. Its mileage from Kurrachee to Lahore alone exceeded

the distance from one extremity of the United Kingdom to the

other ; and from a reference to the valuable statistics he had access

to, relating to the population of India, he found that the popu-

lation of Scinde and the Punjab, in 1870, amounted to 19,392,346,

or very little short of that of England and Wales. Again, he
found that the Madras Presidency, through which the projected coast

line passed, had a population of 31,312,000—a j)opulation equal to

that of the whole of the United Kingdom—while the population of

Pengal, the North-Western Provinces, and Oudh, served by the

railways on the East of India, amounted to about 108,000,000;

while that of the Bombay Presidency and the Central Provinces,

served by the Great Indian Peninsula railway, amounted to

nearly 22,000,000. He therefore thought it was open to grave

question whether, quite irrespective of this gauge question, the

construction of these lines, on the very light scale proj^osed, was
such as to provide for the future development of the traffic (>n the

Indian railways. He did not now refer to the light character of

the permanent way and rolling-stock ; these could be replaced,

when they had served their purpose, by heavier materials and by
heavier stock, as had been the case on the railways in Great

Britain and in the United States ; but the question was, whether
from a desire to realise a doubtful economy on the first cost, a

serious restriction would not be placed upon the traffic to be here-

after developed ? "Whether, in fact, it would not be better and
cheaper, in the end, at once to make—on the principal arterial

lines at least—the same wise provision for future develojDment

of the traffic already made on some of the older lines, which,

although at present worked as single lines, had the viaducts and
bridges constructed for a double line ? He would be glad to know
if there was anything in the circumstances of the country or

of the people to warrant the assumption that the same law of

development would not obtain in India as in this and other

countries. It did not require to have spent a lifetime in India

in order to know what were the nature and circumstances of the

existing railways in India. It was understood that they were not

paying. He was disposed to think it was unreasonable to expect

they would prove immediately remunerative.

The results he had been able to arrive at, from a careful exami-

nation of the valuable statistics relajfcing to the Indian railways

prepared by Mr. Juland Danvers, were, he coTisidered, highly en-
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couraging, and already showed remarkable indications of that

progressive development to which he had just referred. Mr. Price

Williams had prepared the following diagram (Fig. 1) and the

tabular statement (page 351) from those sources :

—

Fig. 1.

INDIAN KAILWAYS.

Diagram showing Increase of Traffic, 1862-1871.

Average annual increase of traffic 23-00 per cent.

„ „ miles of line 13 "65 „

„ „ traffic per mile . . . . 8*23 „

Without entering into details, he might mention that, in a

period of nine years, from 1862 to 1871, the mileage of rail-

ways open for traffic in India had increased from 1,584 to 4,778,

or on the average a little more than IS^ per cent, per annum ; the

number of passengers had increased from 7,151,650 to 17,982,892,

or on the average 12 per cent, per annum; the passenger receipts

from £446,872 to £1,870,142, giving similarly an average of

18J per cent, per annum ; the goods receipts from £609,571

to £4,137,964, or an average of 26f per cent. ; while the gross

traffic receipts had increased from £1,056,443 to £6,008,106, or

an average during that period of 23 per cent, per annum. After

making every allowance for the slight falling off in the receipts

which had occurred in the last two years, the average growth

of traffic on a fixed mileage had exceeded 8 per cent, per annum
during those nine years. This rate of increase far exceeded
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that which had obtained on the railways of the United Kingdom,
where, as would be shown by the following diagram (Fig. 2),

and the tabular statement (page 353), the rate of increase on a

fixed mileage, in a period of twenty-two years, had not exceeded

2^ per cent, per annum.

Fig. 2.

EAILWAYS OF THE UNITED KINGDOM.

1849 '50 "61 '52 "63 '54 63 "86 "67 '58 'fiS '63 '61 "62 '63 '64 '66 '66 '67 '68 '69 '70

Diagram showing Increase of Traffic, 1849-1871.

Average annual increase of traffic 6'74 per cent.

,, ,,
miles of line 4 '39 „

„ „ traffic per mile .. .. 2 "25 ,,
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Statement showing the Increase per Cent, of the Gross EECErPTS and Miles of
Line of tlie Railways of the United Kingdom from 1849 to 1871. (Extracted
from the Board of Trade Returns.)
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large and populous districts in India at present wholly deprived of

the facilities afforded by railway communication.

Looking to all these circumstances, there could be no doubt, he

contended, that these nai-row-gauge lines would be incapable of meet-

ing the demands that would be made upon them by the future

development of the traffic of the country.

After what had been so forcibly urged against the break of

gauge by Mr. AUport, it was scarcely necessary for Mr. Price

Williams to refer to it; but having been connected for the

greater part of his life with the particular district which had

suffered so much from the effects of this break of gauge, he ven-

tured to say that it was impossible to exaggerate the evils attend-

ing it, and that to estimate the money value of the cost, or loss,

resulting from a break of gauge at anything like the figure quoted

by the Author was simply absurd.

Mr. Price Williams might mention that it was owing to this

unfortunate break of gauge that the large resources in good house

coal, which the South Wales coal-field possessed, had hitherto been

excluded from the London market. The South Wales coal-field, as

was well known, was nearly twenty miles nearer London than the

Yorkshire coal-field. He might add, that since the Great Western

Railway Company had completed the alteration of their line, from

London to South Wales, to the standard gauge, a great impetus

had been given to the house coal trade in that district, and there

was now every prospect of the Welsh coal finding its way into

the London market.

The Author, in bringing this important question before the

Institution, had fairly challenged the opinions that had been

expressed upon it. As a Member of that Institution in no way

connected with Indian railways, either professionally or other-

wise, Mr, Price Williams had ventured to express his firm

conviction, founded upon the results of a long practical expe-

rience in this particular part of the subject, that so far as the

estimated saving in the permanent way was concerned, it was

entirely fallacious. General Strachey had seen fit to remind them

that the opinions of the members of this Institution formed but

one element in this important question : what the other element

was, it was unnecessary for him to inquire. He felt assured,

however, that the weighty arguments that had been urged against

the adoption of these narrow-gauge lines in India would have

their full weight with the Government of India, and that when

they had the Paper, with the discussion upon it, before them,

they would not fail to recognise the force of Mr. Hawkshaw's
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suggestion—not to proceed further ^vith their programme of con-

structing these 10,000 miles of narrow-gauge lines until they

had made some more thorough and efficient inquiry as to the

soundness of the data upon which these large estimated savings

rested.

Mr. A. M. Eendel read the following remarks. Although he

was in no way responsible for the Paper which formed the subject

of this debate, and, indeed, was not aware that it was in contem-

plation until it had reached the Institution, still, as entirely

sympathising with its Author, and, in common with other members,

having been called upon to make observations upon the policy

it supported, he did not hesitate to give his views.

He wished, in the first place, to set the Committee of 1870, of

which he was a member, right with the Institution in regard to

the charge which Mr. Bidder brought against it of being ' packed.'

Mr. Bidder appeared to suppose that the committee was ap-

pointed by the Government to give an opinion in favour of a

conclusion which the Government had already arrived at, and that,

for that purpose, the persons placed upon it were selected either

from those who were known to hold certain opinions, or from those

upon whose docility the Government could rely. Unless this was
Mr. Bidder's supposition, the accusation had no point, and if it were

so, then he declared that the charge was groundless. A perusal of

the reports of the committee would have shown that the duty

intrusted to it was not to consider the general question of whether

a narrow gauge should be introduced into India. The Govern-

ment had long made up their minds that for the future the ruling

gauge should not exceed 3 ft. 6 in., and the members of the Com-
mittee were so informed in the instructions, and all that they were

asked to do was to consider whether a still smaller gauge might

not be adopted. Now to put on a committee appointed for such

a purpose men who were notoriously of opinion that the gauge

should be a great deal more than 3 ft. 6 in. — that is to say,

5 ft. 6 in., and nothing else—would have been simply absurd.

Common sense dictated the necessity of appointing the members
from amongst those persons who might be expected to support a

narrow gauge.

But, narrow as the duties were, the Committee could not agree.

Mr. Fowler insisted on a 3 ft. 6 in. gauge and a 45-lbs. rail

;

the rest of the members—Colonel Strachey, Colonel Dickens, and
Mr. Eendel—urged a 2 ft. 9 in. gauge, and a 36-lbs. rail. Now,
out of this difference of opinion arose that little trip to Norway
to which Mr. Bidder had alluded, and which was planned by

2 A 2
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Mr. Fowler in the hope that the actual sight of a line of 3 ft. 6 in.

gauge at work would have a certain effect in its favour on the

untutored minds of his colleagues. Unfortunately, the inspection

had precisely the contrary effect ; for they came away more strongly

impressed than ever in favour of their own views.

The Norwegian railways of 3 ft. 6 in. gauge were, no doubt, most

excellent of their kind— ' toys ' Mr. Andrew would call them

—

but there was no doubt that their capacity for trafi&c was in excess

of the traffic ever likely to come upon them.

A high average traffic on a Norwegian narrow-gauge line would
be represented by about 100 passengers and 40 tons of goods passing

over the whole of each line daily ; and Mr. Eendel did not think

there was much probability of any great increase on this—at all

events at an early date. The speed at which this traffic was run

was 14 miles per hour. There was, therefore, nothing in the

amount of the traffic nor in the speed at which it was run, nor was
there anything in its character, to require a gauge as large as

3 ft. 6 in., or a rail as heavy as 36 lbs. Why, then, did Mr. Pihl,

on determining to abandon the 4 ft, 8^ in. gauge, take his

stand at 3 ft. 6 in. gauge ? Partly, Mr. Eendel ventured to think

—saying it with the highest respect for him—because he was
wanting in the courage of his opinions, and partly because he put

too much faith in a certain firm of locomotive builders who told

him they could not build a satisfactory engine on a smaller gauge.

Old-established locomotive firms were, in his experience, the

most conservative people on the face of the earth, and for his own
part, he made a point of never accepting their advice, merely

because it was their advice, in any matter out of the line of their

ordinary daily practice. The heating surface of the largest Nor-

wegian engines was only 400 square feet ; and, though the gradients

were bad, the ordinary traffic could hardly utilize as much. He
found no difficulty in placing as much as 600 square feet of

heating surface on the metre gauge ; he could put nearly as much

on a 2 ft. 9 in. gauge ; and he was satisfied that the bulk of the

railways to be built on the metre gauge in India would not, as

a rule, utilize as much as 300 square feet of heating surface.

Each section of the Committee made its report, and the reports

went to India for Lord Mayo's consideration ; and very sorry Mr.

Eendel was when he heard that Lord Mayo, with his natural con-

servative dread of extremes, had levelled the 2 ft. 9 in. gauge up

to 3 ft. 3 1 in. That was to 1 metre.

Mr. Eendel would here remark, that he was somewhat surprised

at the misunderstanding which had been exhibited in regard to the
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reasons for adopting the metre. The simple reason for doing so

was, that at the time the gauge was settled it was the intention of

the Government of India to adopt for India the French system of

weights and measures. It was only natural, therefore, it being

Lord Mayo's intention to adopt something between 3 ft. and

3 ft. 6 in., that he should determine to take the metre ; and all

the drawings, he might observe, were drawn to the metrical

scale.

Now, what was the case for the narrow-gauge system in India?

It was presumptuous on his part to re-state it after Lord Lawrence ;

but for the sake of repetition he would do so. India was a

country containing some 1,500,000 square miles— about 30 times

the area of England. It was a populous country, but it was an
almost purely agricultural country ; and being at once populous and
agricultural, it was a poor country. England had about 11,000

miles of railway, besides innumerable well-built roads, and long

lengths of canal. India had only 5,000 miles of railway ; her roads

were few and far between, of a kind which would be laughed at

in England—dear to make, dear to maintain, dear to work, and
impassable at some seasons—and it had next to no canals. The
commerce of the country was confined, in fact, to the neighbourhood

of great rivers where water carriage was obtainable, and if the bulk

of the country was to be brought within the pale of commerce

—

within, he might say, the pale of European civilization—it could

only be so brought by railways. But the country being so vast and

so poor, the lengths to be traversed being so great, and the traffic

—

as experience showed—being extremely small as compared with

the capacity of a railway for traffic, it followed that the railways

must be as cheap as possible, and might be, and for the sake of

cheapness should be, as small as they could be made. Long rail-

ways, and not broad railways, were what were wanted, and breadth

was dearl}?^ purchased at the expense oflength. Any railway what-

ever would give the country all the necessities and all the comforts

of railway locomotion ; the luxuries and refinements of a more

advanced country like England might be left till the traffic could pay
for them. In the meantime, the conditions under which the traffic

of the country was conducted were such that the want of such re-

finements would never be felt. That was the view which guided

the report which Colonel Strachey, Colonel Dickens, and Mr.

Eendel signed, recommending the 2 ft. 9 in, gauge, and a 36-lbs. rail.

They considered that to adopt the larger gauge and the heavier

rail recommended by Mr. Fowler would be simj^ly to throw away
money without any corresponding advantage. If a second gauge
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was to be introduced, it was clear that it should be the smallest

which could do the work.

Now what was alleged against their view ? Why, that before

all, and above all, there must be unity of gauge ; that t.here

must, under no circumstances, be any departure from the present

5 ft. 6 in. gauge, and that the 5 ft. 6 in. gauge could be retained

at a very small extra cost over the narrow guage. No doubt

those who had increased the narrow gauge from 2 ft. 9 in. to the

metre, and the rail from 36 lbs. to 40 lbs., had done their best to

help this view.

The proposition made by some members of the Institution was, as

he understood it, to maintain the 5 ft. 6 in. gauge, but to reduce its

rail to somewhere about 40 lbs., and it was alleged that with such

a rail, at all events, the rolling-stock could be used, and in

emergencies, with care, the locomotive stock of the present broad-

gauge lines could be employed.

As to the mechanical part of the matter, he had to observe that,

when the London and North Western Eailway Company were

using 13-ton engines, they were also using 65-lbs. rails, and were

laying down 75-lbs. rails, and that a 9i-ton engine on the Liver-

pool and Manchester line threatened the existence of 35-lb8. rails

until it was supplied with 3 pairs of wheels. The evidence given

before the Gauge Commission in 1846 would corroborate this

statement.

Again, he had to observe that a 42-1 bs. rail on a broad-gauge line

in India was no new thing. It was tried on the Oudh and Eohilkund,

broke down under the wagons of the East Indian railway, and was

taken up and replaced by a 60-lbs. rail ; he knew that it is alleged

that the failure was owing to conical wheels being run on flat

rails. He did not believe this was the cause of the failure, and

he did not believe that any one here would say it was so.

But, assuming that a 40-lbs. rail could be used, the case contended

for was that the rolling-stock of the broad-gauge lines, intended to

carry and which would soon carry 10 tons per wagon, was far too

big for the traffic of the country which the narrow-gauge lines

woxild traverse ; that if a special rolling-stock was built for the

light lines, it would be economical for neither broad gauge nor

narrow gauge, and that transhipment would be resorted to, even

if break of gauge was not admitted.

But Mr. Eendel said much more than this. He said that 40-lbs.

rails were not obligatory. If the weight could be reduced on the

5 ft. 6 in. gauge, it could also be reduced on the narrower gauge.

The 40-lbs. rail was the maximum, and in his view quite unneces-
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sarily heavy. He hoped to carry railways into such out-of-the-way

and BOW desolate districts that he could use rails of something like

half that weight. Indeed 30-lbs. rails had already been supplied

for one line, and if iron remained at anything like its present price,

he for one should recommend the Government to do so generally

very soon, for he was satisfied that they were using too heavy a

rail. There was a narrow-gauge line now at work in India, about

150 miles from Calcutta, which had only a 32-lbs. rail. The traffic

on this line was as heavy as that of many lines the Government
would construct, and it had been open for, he thought, nearly ten

years. He maintained, therefore, that, even supposing the 40-lbs.

rail could be employed on the broad gauge, it would fall far short

of the economy which might be effected by means of the narrow
gauge.

He should very much like to know what Mr. Bidder would have
said if the Government had proposed a 40-lbs. rail on his ' missing

link.' He would undertake to say that, with his usual freedom of

speech, he would have told the Government their officers were fools,

and knew nothing about their business. And how did Mr. Bruce
reconcile his proposal with his actual conduct ? That gentleman
was the Engineer of a line in the south of India which had no
political importance whatever, and very little commercial im-

portance. Up to the date of the Government decision to adopt
for the extension of that line the narrow gauge, he was supplying

it not only with 68-lbs. rails, but with the most expensive form of

permanent way generally he could devise—a ' bowl sleeper ' road.

Now he came and told the Meeting that a 40-lbs. rail on a small

wooden sleeper would have done. If so, why did he not propose

it before? Of course Mr. Bruce was too shrewd a man not to

see his own inconsistency, so he endeavoured to account for it, and
how did he do so ? Why, he said that economical propositions were
not favourably received by the Government, in sui^port of which
he quoted some trumpery case about the level of certain platforms.

It was the custom whenever anything went wrong on the

Indian railways for the railway officials to charge it on the Govern-

ment. For instance, in the course of this debate, Mr. Bidder laid

most improperly, Mr. Eendel maintained, the loss consequent on the

failure of his Punjab bridges on the Government. Mr. Bruce did

the same thing twice in connection with the Great Southern of

India. Now, Mr. Rendel contended, that he had as much or more
experience of Indian railways as any Engineer here, and he said

that charges of this kind were to be ranked with the attacks

sometimes made in this country on officers of the Board of Trade,
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which he should thint had now been heard of for the last time.

In his experience he maintained that the fault of the Government

officers in the main was at the first a too ready acceptance of the

views of the Company's officers, followed possibly in some cases

after the failures of the Company's officers by what was a too ready

distrust of them, and that if ever the history of the relations of

the Government to the Companies came to be written, the officers

of the Government need not fear comparison with those of the

Companies.

He would now proceed to make some remarks upon the narrow-

gauge system as applied to the Scinde and Peshawur lines.

He would not go into estimates, because he had already said all

he had to say in the report to which his name was attached, and

because the time they would take was more than he could afibrd,

except as a matter of professional duty ; and because, as he also

declined to consider the proposal to lay a 40-lbs. rail on the

broad gauge anywhere, but specially on these lines, as a serious

proposal, there was no necessity from his point of view for him

to do so. If the military question was to decide the nature of

the construction of these lines, it was folly to talk of retaining all

the features of the broad gauge, except the essential features of the

powerful rail ; and no one, he supposed, was prepared to maintain

that those lines could be built with a GO-lbs. rail or a 68-lbs.

rail as cheaply as they could be built with a narrow gauge and

a 40-lbs. rail.

It was supposed, he believed, that he was one of those who had

urged the adoption of the narrow gauge on the Scinde and Peshawur

lines. He had given no grounds for this opinion. In searching

through the Eeport on the comparative cost of these lines on the

broad and narrow gauge, signed by Colonel Strachey, Colonel

Dickens, and Mr. Eendel, no such expression of opinion on the

subject would be found. They were asked to give estimates for each

gauo-e, they were not asked to give opinions as to which should

be adopted ; and accordingly they gave estimates and did not give

opinions; and Mr. Fowler, in expressing an opinion, went, as

Mr. Kendel told him at the time, beyond his instructions.

Now, when Mr. Eendel was engaged on that Eeport, he felt per-

fectly satisfied that for all commercial purposes any gauge would be

sufficient for the Scinde and Peshawur lines, but he did not feel satis-

fied that there might not be political reasons which might make it

desirable to construct them as first-class, heavy-railed, broad-gauge

lines. If he had any doubt on the subject at the present moment

he should, as a matter of loyalty to his employers, hold his tongue
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on the subject ; but he was convinced by the discussions which
had lately taken place that the political question was not one

which should govern the construction of these lines, and he was
satisfied that the man who followed Lord Lawrence in this matter

followed a safe and sure guide.

What was the principle of these particular railways as now laid

out ? It was this. Mr. Eendel assumed that the lines from Kurrachee
to Kotree, and from Mooltan to Lahore, would he altered to the
narrow gauge. There would then he a great trunk line resting

on what was said to he a first-class harbour in the Indian Ocean,

and running through the heart of the country to Peshawur, or

further, a length of at least 1,200 miles, and throwing out branches

on either side as circumstances might warrant. This would give

a length of line ultimately exceeding the length of all the Irish

railways, and traversing a district twice or thrice the area of

Ireland. And it would be complete in itself. The natural division

of the traffic of LTpper India, between the Indus and the Gangetio

valleys, would certainly be as high as Lahore, where the two
gauges would meet, because, although the distance from Lahore

to Calcutta would be greater than the distance from Lahore to

Kurrachee, yet, owing to the lower rate at which the East Indian

railway Avas and always would be worked, goods would be carried

at least as cheaply—he might safely say much more cheaply—from
Lahore to Calcutta as from Lahore to Kurrachee, and there was
no reason to suppose that freights from Kurrachee would be less

than freights from Calcutta ; indeed there was every reason to

suppose they wou.ld be higher.

As to the sufficiency of the metre gauge, or even of a 2 ft. 9 in.

gauge for the Indus valley, this must be considered—the Indus
was at least as easily navigable as the Ganges. The East Indian

railway, in order to compete with the Ganges, had reduced its

rates for grain and seeds, which formed some 60 per cent, of

its goods traffic, to little more than -fths of a penny per ton per

mile, and even at that rate the river seemed to beat the railway.

The river, in fact, could carry goods at little more than a farthing

per ton per mile, taking the distance between the points of

transport as the crow flies. How was the Scinde railway, which
expended five times as much in mere working expenses, to compete
with the Indus ? He did not believe that, except in siDecial cases,

the Indus Valley railway would ever carry any important per-

centage of the produce of the Indus valley. It would go, as it did

now, by boat, and all that the railway would get would be a little

cotton downwards, a few bales of piece goods, a little copper and
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a few ' notions ' upwards ; and unless it reduced its present rates,

he doubted if it would do as much as that.

The only part of these lines which would have any material

traffic on them would he the piece on the Peshawur line between

the salt-mines and Lahore, a distance of about 100 miles. Above
Peshawur, a few stores, reliefs of troops, a few camel-loads of

dried grapes, and the few bales of European goods which pene-

trated through Afghanistan, would comprise the whole. So little

was it expected to be, that it was in contemplation to design some

sort of a combined locomotive carriage and wagon to run, as

occasion might require, between the Jhelum and Peshawur.

His remarks were drawing out to such a length that he.shoidd

be glad to leave the subject here, but as the estimates to. which
his name was attached had been attacked on the three following

minor points, he must defend them.

First—he was told by Mr. Harrison that no allowance was made
for the maintenance of the third rail which it was proposed should

be laid between Kurrachee and Kotree, and between Mooltan and

Laliore. Now, the fact was, that it had never been proposed that

the third rail should be laid. He, for one, never supposed so foolish

a thing would be done. He did not know whether the company
could compel the Government to do so, but he hoped it would not

be so unwise. The right thing to do would be, of course, to alter

the gauge at once. All that the Commission did was to make a

supposition to meet, in what they thought its worst form, a certain

case put to them, and he maintained that they went quite far

enough in providing a sum sufficient to lay a third rail without

taking into account the cost of maintaining it. At any rate, he

contended that the error was unimportant, because the third rail

should never be laid.

Second—Mr. Bidder complained that they had not provided for

the cost of absorbing the Scinde rolling-stock into some other broad-

gauge system. He said that it would have to be taken up the

river in boats, at a cost of £50 per wagon, and then be disposed of

at a heavy loss. As to transporting it, Mr, Eendel should have

thought there would have been no difficulty in taking it up

country on the narrow-gauge line, either on narrow-gauge platform

wagons, taking off the wheels, or by placing it on temporary

narrow-gauge wheels and axles. As to loss in absorption by other

lines, that, at the worst, was a mere matter of account. So far

as the Government was concerned, it would be money out of one

pocket and into the other, and therefore there was no need to

make any provision for it in the estimate.
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Third—The Commission was twitted—not by Mr. Bidder, who,

Mr. Ecndel strongly suspected, knew Letter, but— by Mr. Lee

Smith and by Mr. Andrew, with not having provided for the laying

a third rail on the whole of the sidings belonging to the Scinde

railway.

What was the case ? Why, the Scinde railway, which was only

106 miles long, and had a goods traffic equal, on the average, to

about 30 loaded wagons per diem, had no less than 60 miles of

sidings. The East Indian, with four times the traffic, had only one-

third this proportion of sidings, and had certainly more than it

wanted. The fact was, they did not know, until Mr. Lee Smith had
told them, that the Scinde had all this siding. Had they known it,

instead of providing for a third rail upon it, they should have
recommended that some fifty miles of it should be taken up and be

turned into a hundred miles of third rail, and have reduced their

estimate accordingly. Who was responsible for these sidings ?

The Government, he supposed, as usual. These sidings represented

a sum of at least £300,000 ; which was just as much wasted as if

the money were thrown into the sea. No wonder the Scinde

railway— a single line, without a work of any importance from,

one end to the other—had cost £18,000 per mile. These useless

sidings represented £3000 per mile at least.

One word more, as to the policy of the Government in laying

the Peshawur line alongside the road. Mr. Lee Smith said this

was a mistake. But what were the facts ? The Peshawur road was
crossed by three great rivers, having a united waterway of nearly

three and a half miles, and these rivers were at present unbridged.

Now the bridging of such rivers was, of course, a matter of very

great expense, aggravated in this case by the difficulty of fixing

their course, and the consequent large expenditure required for

their abutments.

The Government wanted to bridge these rivers for the road ; it

wanted to bridge them for the rail ; and, as a matter of economy,

it wanted to kill both birds with one stone. To do this, the rail

must be brought to the road. The same bridges could then be
made to answer both purposes, and this was being done. That
alone was a sufficient justification for the policy of the Government.
It might be, for aught he knew, that the salt traffic might be
better provided for on Mr. Lee Smith's plan ; but, after all, the salt

traffic would be no worse off than it was now. It was not of such
importance as to deserve that a large scheme should be altered to

suit it. So far as the river was concerned, and in all other respects,

it would be much better provided for.
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He would now proceed to make some remarks upon Indian

traffic, and the eifective capacity of Indian railways for traffic,

with a view to showing that the narrow gauge would be equal to

all probable demands upon it. All those who were acquainted

with the expectations formed of Indian traffic when Indian rail-

ways were first projected must feel that those expectations had

not been realised. Mr. Eendel remembered the time when it

used to be said that the East Indian railway would require

near Calcutta four lines of railway. It was now doubled to

the extent of about one-third its length, and was doubled to a

greater extent than was necessary. The London and North

Western railway carried last half-year 20,661,096 passengers

and 11,509,939 tons of goods. The East Indian railway, a line

of very nearly the same length, carried in the first half of 1872,

its best half-year, only 3,061,567 passengers and 720,280 tons of

goods—barely 15 per cent, of the passengers and G-J per cent, of

the goods carried by the London and North Western ; and the East

Indian had at least twice the goods traffic of any other Indian

line, and twice the passenger traffic of most of them, in proportion

to its mileage. If it were not for the fact that Indian passen-

gers and goods were carried enormous distances as compared

with traffic on English lines, no one of them would pay its

working expenses. How came it that in a country so populous

and so fruitful the traffic was so small ?

It could not be said that the rates were in fault, certainly'^not

on any of the lines in regard to passengers, for the native passen-

gers, who formed about 98 per cent, of the whole, were carried at

less than |d. per mile ; nor on the East Indian, and some of

the other lines, could it be said in regard to goods. The average

rate on the East Indian, for the last half-year of which the

accounts were rendered, was barely l^^^. per ton per mile, and at

present it must be barely 'id. per ton per mile. On the London

and North Western he was told, on good authority, that the

average for goods would be rather above than under Id. per ton

per mile, while the average for passengers must be considerably

over Id. per ton per mile.

Nor could it be said it was competition ; they lost something,

no doubt, by the river competition, but the river was no such com-

petitor to the railway as the Midland and the Great Northern

lines were to the London and North Western railway.

The truth was that people were too apt to think that because a

country was populous, therefore it must afford a large railway

traffic. Numbers alone were insufficient. A people must be rich
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as well as numerous to give large employment to a railway,

and a small rich population would give a larger traffic than a

poor large one. The people of India were, it was true, very nu-

merous, hut they were very poor. Being very poor, they could

not aiford to travel much, consequently the passenger traffic was
small ; heing very poor, they could not use imported goods in

quantity, therefore there was little for a railway to bring ; being

numerous, they ate up the bulk of the produce of the soil, there-

fore there was little for a railway to take away. That, combined

with the absence of minerals in any large quantities, was why
Indian traffics were so small.

But if the traffic offering itself for transport was vastly less in

India than in England, the effective capacity of an Indian railway

was vastly larger than the effective capacity of the same railway

would be in England. He laid stress on the word " effective." An
East Indian passenger train carried as many passengers in one train

as the London and North Western did in about four and a half

trains, and as much goods in one train as the London and North
Western did in about one train and a half. He assumed here that

the average rates charged on the London and North Western were

as before given. If he took the Bombay and Baroda line, he

found a still better result as regarded passengers—a Bombay and

Baroda train carrying as many passengers in one train as the

London and North Western did in six trains. Using round

numbers, of course. And there was no doubt that if the Indian

lines were worked as they ought to be, an Indian train would
carry at least seven times as many passengers, and nearly twice

as heavy a load of goods, as an English train.

The difference was of course due to the absence of the first and
second class passengers in any numbers, and also to the absence of

competition and of the pressure under which English traffic gene-

rally was conducted—evils probably irremediable in England, but

which were never likely to arise in India. He had been speak-

ing, of course, of the Indian broad gauge. Taking the effective

capacity of a narrow-gauge train with the ordinary narrow-

gauge engines at half that of the broad—the number of trains

that might be run being, of course, the same on the one as on
the other—he was justified in saying that the effective capacity

of a metre gauge in India would be considerably greater than
that of a 4 ft. 8^ in. gauge in England, and that therefore

it might be safely assumed to be largely ii^^ excess of any
demands which could be brought upon it. No one, he supposed,

would dispute that a suitable rolling-stock might be devised for
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the metre gauge. If any one did so, Mr. Eendel advised him
to rnn down to Lancaster, to see the specimens at present waiting

there for shipment. The only vehicle about which Mr, Eendel had

heard a question was the horse-box. Now the horse-box on the

East Indian railway carried 6 horses, 3 abreast, on a carriage

20 ft. long and having a wheel base of 11 ft. The horses were

placed with their heads pointing inwards towards a central trans-

verse passage in which the groom was placed. He was told they

traveled all the better for seeing each other. A similar arrange-

ment could be made on the narrow gauge for 3 horses, with a

compartment for grooms on a length of 18 ft. and a breadth of

6 ft. 6 in. In the cattle van there could be carried 6 of the

small horses of the country on a length of 18 ft. Camels and

elephants did not travel on the broad gauge, and therefore need

not be considered for the narrow.

Lastly, as to break of gauge. What case has been made against

it ? For a long time they were told to ask Mr. Grierson. At last,

Mr, AUport got up, and said that he found it very inconvenient at

Gloucester, and that he charged the public twenty miles for it. At
least, so Mr. Eendel had itnderstood him. He should think, at that

rate, the more breaks there were, the better Mr. Alljiort would be

pleased. Then Captain Galton stated that a friend of his told him,

that break ofgauge damaged salt to the extent of Is. per ton, which he

said, taking the relative value of salt in England and in India, made
the loss in India nearly 7s. per ton. Did Captain Galton believe

this himself; or if he did so, did anybody else? What were the

facts ? The salt which Captain Galton referred to was rock salt,

quarried in a certain district about 120 miles above Lahore. This

salt came out, as Mr. Eendel was informed, in blocks, which were

placed in bags. The bags weie either placed in carts or on the

backs of camels, and so were slowly brought down to Lahore.

Kow that part which went by camels had a break of gauge night

and morning, so that, according to Captain Galton, it underwent a

deterioration to the amount of, say Is. per mile, or, for the whole

journey to Lahore, 120s. per ton. The value of the salt at Lahore

was, he believed, just about 25s. per ton more than at the salt-mines,

that being the cost of transporting it 120 miles in the manner he

had stated. There was, of course, little or na deterioration at all,

even with cart and camel transport, much less would there be any

with railway transport, even with a break of gauge ; and generally

all the classes of goods found on Indian railways were such as did

not suffer by transhipment. If they did, they would never reach

their destination in a saleable condition at all, for the transhij)-
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inents wHich Indian produce, or articles imported into India, under-

went between the place of production and the place of consumption

were numherless. There was no resemblance whatever between

English traffic and Indian traffic, and unity of gauge was a refine-

ment necessary enough in England, no doubt, but totally unim-

portant to India. The only evil of break of gauge in India would

be the expense of transhipment. Eetardation was a matter of little

moment, and indeed would be rarely increased under the leisurely

system in which Indian traffic was conducted.

As to the cost of transhipment, an exact estimate could be arrived

at. The East Indian Eailway Company contracted for the transfer

of goods between carts and the railway wagons at its different

stations at 6 rupees per 1,000 maunds, which was equal to about

Shd. per ton. Tlaere was no reason why transhipment from railway

wagon to railway wagon should cost as much. Nay, they knew

that in the one instance, where the railway actually had in

practice the break of gauge at the junction of the Nulhattie

narrow-gauge line with the main line, the contract price f(jr

transhipment was 1 pie per maund, or just 3d. per ton. Now
on the London and North Western railway the average sum paid

by a ton of goods for transport was about 4s. a ton ; 3d. on

that amoixnt would, of course, be a material item, and therefore

break of gauge at that rate, as a mere question of money, would

be serious in England. But the average sum paid per ton on the

East Indian line, owing to the long distances traveled by goods

on that line, was as much as 28s. per ton. On the Great Indian

Peninsula railway it was as much as 43s. per ton, and 3d. on 28s.

or 43s. was a trifle ; and there was no doubt that the great bulk

of the goods subjected to break of gauge would be goods going long

distances, and paying, probably, from £2 per ton to £5 per ton for

freight. A very large proportion of the goods carried on an

English line, referring to the mineral traffic, was worth not more,

before freight was added to it, than £l per ton, even at the

present time. Few things went into an Indian wagon worth less

than £5 per ton. The cost therefore of transhipment would

affect their value to a very small degree. Then as to the quan-

tities transhipped. Taking, first, the Nulhattie line. The average

daily goods traffic on that line amounted to about 25 tons ; say

that the whole was transhipped, what did it amount to? And
many lines would, he expected, be made by the Government where

no larger a traffic than that on the Nulhattie line could be anti-

cipated ; for, small as its traffic was, it appeared to pay 5 per cent,

on its actual cost. Or, taking the present Great Southern of India
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railway. The average goods traffic on that line was less than

100 tons, say 12 wagon-loads per day; and supposing the whole

of that to be transhipped, where was the difficulty? After all,

the question only came to this—that goods that would reach

several stations by i-oad would be concentrated by rail on one

station. Why should every one be so anxious for feeder roads,

and be so afi-aid of feeder railways, simply because they would

be on a different gauge to the main line ? So far as tranship-

ment was concerned, both were under identical circumstances.

Mr. Eendel had always thought this fear of a break of gauge

in India a mere bugbear, and when, some years ago, the question

was raised, how the transfer of traffic between the Great Indian

Peninsula railway and the East Indian at Jubbulpore should be

managed, and the officers of the East Indian line were, for the

most part, in favour of the transhipment of goods as opposed to an

interchange of stock, he strongly supported them, although he

admitted that this junction was the one place in India where the

evils of transhipment of goods might at some time be greater than

the evils of an interchange of stock. But certainly, at the present

moment, they were not so.

As to the political question, Mr. Eendel contended that it was

the business of the Indian Government to decide matters of that

sort in the interest of India, not in the interest of England. If

England chose to consider Indian questions of this sort here,

or to make them ' Imperial ' as it was called, let the empire find

the money, not wring it out of the Indian peasant.

But the financial and political part of the question was no business

of his, else he might ask Mr. Andrew if he did not know that the

great .difficulty of Indian finance was how to raise a far less sum
than this £1,600,000, which the Government was annually losing

on Indian railways, and of which he seemed to think so little.

Here Mr. Eendel would conclude, did he not think it necessary

to correct a misapprehension in regard to the prospects of Indian

railways, to which the diagram, which Mr. Price Williams had

given (Fig. 1 ,
page 360), might give rise. That diagram showed the

rate at. which Indian railways and Indian traffic had progressed

between 1861 and 1871, and Mr. Price Williams had dra-^Ti across

it what he considered to be its curve of increment ; the object being

to prove that this loss of £1,600,000 a year would rapidly disappear.

In the early part of the decade selected by Mr. Price Williams,

railways had not penetrated into the country sufficiently deep to

induce the goods traffic, coming down in carts from the interior,

to finish their journey by rail. But as the decade went on, and
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railways stretched well into the country, it paid the people to use

them. The traffic consequently took a somewhat sudden leap. But

since that leap was made, the increase had been very moderate.

Indeed, the traffic of 1871 was less than the traffic of 1870, the

falling off on the East Indian railway alone being over £300,000.

The traffic of 1872 would show, he hoped, a trifling improvement;

but that, he heard, was doubtful, and 1873 had opened with a heavy

fall. Mr. Eendel feared the hopes of Indian railways lay rather in

thrift than in increase of traffic. They did far too much work for the

traffic they obtained ; and they paid far too much for it ; and his

conviction was, that they were wasting between them half a million

a 3^ear at least. Until they could knock this half million off their

expenses, they could not afford to try w^hat he believed to be their

only hope as regarded revenue—a general reduction of rates.

Colonel YoLLANP, through the Secretary, and by permission of

the President, said he thought there were grave doubts whether

it was wise to have originally selected a 5 ft. 6 in. gauge for the

railways in India. When that gauge was chosen there had been

sufficient evidence of the capability of the 4 ft. 8^ in. gauge to prove,

in his opinion, that it would be ample for the main trunk lines in

India ; and after 5,000 miles or 6,000 miles had been constructed

on the 5 ft. 6 in. gauge, there should have been much more potent

reasons, than any that he had as yet heard adduced, to justify the

abrupt substitution of the 3 ft. 6 in. gauge, or of the metre gauge.

As compared with the 4 ft. 8^ in. gauge, he believed the dif-

ference in the cost of construction on that gauge and on the metre

gauge had been greatly exaggerated. If the traffic was to be con-

ducted at a moderate speed—say not exceeding 25 miles j)er hour

—

he believed that very sharp curves might be introduced, and safely

worked on the 4 ft. 8^ in. gauge, with rolling-stock specially

constructed for passing round such curves ; and the same argument

held good for the 5 ft. 6 in. gauge, although not quite to the same

extent.

If, however, the main trunk lines had been constructed on the

3 ft. 6 in. gauge, or the metre gauge, to the extent of 5,000 miles or

6,000 miles, and if it had been found out that a 2 ft. gauge would

suffice for the wants of the country, and that a saving of a few

millions would result from the change, he would still caution the

authorities not to make that change as regarded the main trunk

lines, as, although the money might be saved, it was quite possible

that the country would be lost either to the enemy or to a dis-

affected population. A handful of Englishmen had already had to

bear the brunt of great odds in India ; and it was possible that a

[1872-73. N.S.] 2 B



870 STATE RAILWAYS OF INDIA.

state of affairs might occur again, when facility of transport from

one end of the British possessions in India to the other, might he

of the very highest importance.

He did not say that the narrow gauge might not he of great

utility, in certain districts in India ; hut the break of gauge should

not occur on main trunk lines ; and, as a rule, he should prefer to

see light rails made use of on the same gauge, rather than that the

additional communication should be obtained by the introduction

of another gauge. He believed that a great mistake was made in

England on the part of the Government. When the report of the

Gauge Commissioners was received, which recommended the broad

gauge being confined to certain districts, the Government should

have said :
—" Ko ; let no more extensions of the broad gauge take

place—let us take the necessary measures for at once getting rid of

it." He thought that would have been wise policy. In the same

manner, he now hoped the Indian Government would be induced

to retrace their steps, and to revert to the construction of the trunk

lines on the same gauge on which so many miles had already been

constructed.

Mr. A. S. Ormsby, through the Secretary, and by permission

of the President, stated he considered that notwithstanding the

Indian Government had obviously committed itself to an erroneous

solution of the important question contained in the Paper, he hoped

it would yet reconsider its decision. He was in favour of a gradual

and permanent alteration of the Indian gauge to one of 3 ft. 6 in.

It was now very generally admitted that a 5 ft. 6 in. gauge was

too wide for India. The average load to be drawn, as stated by
Mr. Eendel, was from 60 tons to 70 tons per train ; but, taking it

at even the maximum of 120 tons per train, he submitted there was

a decided loss of power in setting a 45-ton engine and heavy rolling-

stock to draw even the maximum load demanded by Indian rail-

way traffic. If the annual waste of income, consequent iipon the

loss of power, were capitalised, it would be found to equal in a very

few years any loss that might be occasioned by a change of gauge ;

while ever afterwards there would be a large annual diminution of

working expenses, or increase of income, as the practical result of

the change. He would, therefore, say to the Authorities :
—" You

admit you have committed an error in adopting the 5 ft. 6 in.

gauge ; do not, then, construct another mile of it ; but adoj)t a

3 ft. 6 in. gauge, and gradually use up your present rolling-stock,

and reduce the length of the broad gauge annually. In that way,

you will iiring the power into economical relations with the weight

and the speed, and the earnings into a proper proportion to the
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interest already guaranteed." He had been employed in the Punjab

for some years, and had traveled from Calcutta to Murree, and

from there to Kurrachee, so that his views were the result of Indian

experience.

Mr. W. P. Andrew, in explanation, and by permission of the

Chairman, said that, having been so pointedly alluded to by

Mr. Eendel, it was a matter of common justice that he should be

permitted to say a few words. He had never previously heard so

many mistakes and so many errors in any essay—for it had not

the excuse of being a speech. What was written ought to be

accurate. Mr. Eendel had asked him how he would suggest

that the Government of India should provide £1,600,000 for the

deficit occurring from the railways now in operation. He would

say the answer was very easy and distinct. Complete the Indus

Valley line ; connect the Punjab line with the Scinde railway

;

and let the Government do, what they ought to have done years

befoi-o railways were thought of—make roads. How could rail-

ways pay in a vast country, however fertile it might be, if roads

were not made to the stations? And if railways in India did

not pay as large dividends as those who, like himself, had been

connected with them for a quarter of a century, anticipated, it

was not the fault of those who constructed the lines in co-operation

with the Government, but that the Government had not performed,

and was not performing, its duty to India, in not having paid

sufficient attention to the construction of common roads. As to

the allusions to his friend Mr. Bidder—who he regretted was not

present on this occasion to answer those strictures as to the bridges,

which he could do so much better than Mr. Andrew could do

—

he would only say he was quite certain that Mr. Bidder never sup-

posed for one moment that the Government Engineers were to give

him any assistance in the constrviction of railway bridges. It was

not in their province to have done so. Mr. Andrew would like to

know what military Engineei's in India knew about railway

bridges ? Who ever for a moment imagined that they could give

advice on the subject ? All he could say was, speaking to the best of

his recollection, on two occasions the Government Engineers altered

the sites of the bridges in the Punjab, to the great detriment and

expense of the Company ; and more than that, as had been alluded

to by Mr. Bidder, the Government prevented the company when
giving the contract to Messrs. Brassey and Co. from arranging

for three years' maintenance, after construction. The result was
that, in the first year after the opening of the Delhi line, some

of the bridges over the large rivers failed, and the Company was
2 B 2



372 STATE RAILWAYS OF INDIA.

saddled with the expense instead of the contractors. As to the

other matters, about the sidings on the Scinde line, and as to the

Scinde railway competing with the river Indus, he had never

heard anything so extraordinary. The Scinde railway was never

meant to compete with the river Indus. The object of it was to

cut oif the traffic of the delta of the Indus ; and he believed, ever

since the Scinde line had been opened, the traffic of the Indus had

been stopped upon the delta, and the railway had carried the traffic

from the top of the delta do\^Ti to Kurrachee. It was to avoid

the delays, the dangers, and the losses of the navigation of the delta.

As to comparing the Indus navigation with that of the Ganges, he

was surprised. The Ganges navigation was greatly superior to

that of the Indus. It was not necessary for him to follow further

what had been read by Mr. Eendel. He considered the statements

that gentleman had made, however valuable as the results of his

personal experience, had been answered in anticipation ; but

possibly those babes in the profession, Messrs. Harrison, Bidder,

and Hawkshaw, would have been instructed had they been

present. All he would say was, the break of gauge in the Indus

Yalley system was a matter of imperial importance. He thought

the opinion was unanimous that, whatever gauge might be ulti-

mately adopted in India, no alteration ought to be made in the

sy.stem of the valley of the Indus. Let the Government, if it so

pleased them, introduce the metre gauge on subsidiary lines, but

do not let them introduce a break of gauge on the system he had

planned and advocated for so many years, a measure which could

not fail to produce disappointment to the Government, and disaster

to the interests he represented.

Mr. W. B. Leavis said, that he wished to refer to three points

raised during the discussion, and to illustrate what he had to say,

by information obtained by the Government of Victoria ; but

before doing so, he must express a hope that they might yet be

informed upon whose advice this important step of the change

of gauge in India had been taken ? Hitherto it had been sup-

posed that the reports, to which frequent allusion had been made,

had something to do with the resolution, but now they were

told that those reports were written subsequently to the decision,

and that with regard to the Indus Valley and Peshawur lines,

three of the Commissioners had purposely abstained from express-

ing an opinion, while the fourth had reported adversely to the

course which had been followed. It appeared to him that the

issue was narrowed to the question of estimate, but throughout the

document which Mr. Eendel had read, it was assumed that by
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adopting the narrow gauge there was to be an enormous saving

gained. If that element was taken away, all he had urged became

of very little value. It was also somewhat strange that reference

should be made to traffic as it actually was, and as it had been, and

that no reference should be made to the traffic as it w^as likely to

be. In the colony of Victoria the question had been debated very

keenly, and had been the subject of more than one Parliamentary

inquiry. In the evidence given at the bar of the Upper House

by Mr. Higinbotham, M. Inst. C.E., the Engineer-in-Chief of the

Government railways, Mr. Lewis found, with respect to 220 miles

of line, which the legislature had sanctioned, plans and estimates

had been prepared showing the difference of cost between a light rail-

way on the standard gauge of 5 ft. 3 in. with 50-lbs. rails, suitable

for the traffic of the district, and capable of carrying the existing

rolling-stock, except the engines, and a narrow gauge of 3 ft. 6 in.,

and the difference did not exceed £77,000. That was at the rate of

£350 per mile. Those 220 miles would touch existing railways at

three places ; and the traffic-manager being asked for an estimate

of the cost of transferring traffic at those points, gave £3,900 as

the cost. That sum, capitalised at 5 per cent., gave £78,000,

which at once swept away the whole of the saving. In addition,

it was pointed out that not only the cost of transferring the goods

would have to be met, but that there must be special stations

where the trains of each gauge could come alongside the same

platform ; and those were estimated at £6,000 each, or a total of

£18,000 ; and further, that those lines being worked alone, and

not being suitable for the rolling-stock on the existing lines, it was
necessary to add to the estimate, for rolling-stock, say, one-third.

The assumed value of the rolling-stock was £500 per mile ; one-

third of which would be £166 per mile; but, to make himself safe,

the Engineer-iu-Chief took only £100 per mile : that was equal to

£22,000. The account then stood thus :

—

£
Cost of transferring traffic capitaliaed . . 78,000
Cost of special stations .... 18,000

Additional cost of rolling-stock . . . 22 , 000

Total . £118,000

Against this there was the saving of £77,000 for the narrow
gauge, leaving a balance in favour of the existing gauge of

£•±1,000. Pending the decision of the Government, tenders were
called for, based on both gauges for two lengths of aliout 14 miles

each, the rails to be provided by the Government; and it was
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found the saving in one case was £181 per mile, and in the other

£150 per mile. If they substituted the higher of these two figures

for the £350 taken in the foregoing calculation, they found the

balance in favour of uniformity of gauge was increased from

£41,000 to £78,000. That was an example of a not very short length

of line where the expenses contingent on a change of gaiige doubled

the saving to be effected by a reduction of gauge. Those figures

were arrived at by fair estimates, and confirmed by actual tenders

for the work ; and it seemed to him, if they only got a saving

of £150 per mile or £180 per mile, then all the arguments of

Mr. Eendel and of the Author fell to the ground.

The Author, arguing upon averages, assumed an average saving

which, when multiplied by many miles of railway, gave so

large a total that, if maintained, it would become very important.

The fallacy of this mode of reasoning was pointed out by Captain

Tyler. As an illustration of this, Mr. Lewis would refer to in-

formation given in Mr. Carl Pihl's valuable report to the Agent-

General of Victoria. In that report there was given the cost of

all the railways in Norway—broad gauge and narrow gauge. The
cheapest railway in Norway cost £2,765 per mile, and was con-

structed on the 3 ft. 6 in. gauge; while the dearest line cost

£6,884 per mile, and was also on the 3 ft. 6 in. gauge. What
was there called the broad gauge, or 4 ft. 8iin. gauge, cost £5,812

per mile. It appeared that in the cost of the narrow-gauge lines

of Norway there had been the enormous difference of £4,119 per

mile, or more than 150 per cent. In the face of such figures as

these it was absurd to look at such a country as India and to talk

of an average cost that could be multiplied by ten thousand.

With reference to the challenge which had been made to any

one to " question with a show of reason " that if the broad gauge

had been adhered to in India, the rails would not have been lighter

than 60 lbs. to the yard, and the general characteristics of the

lines and stocks would have remained the same, he would men-

tion that in Victoria, when the Government determined to make
railways into the sparsely populated districts, their Engineer

supplied estimates for them on the standard gauge of 5 ft. 3 in.,

constructed lightly, and at a very reasonable sum per mile. Now
it seemed to him that what a responsible engineer in Victoria did,

a responsible engineer in India could be found also to do. In Vic-

toria, as in Great Britain, the advocates of the narrow gauge ob-

tained a great deal of popular sympathy. The Legislative Assembly

passed, with a good deal of enthusiasm, a Bill for railways on the

3 ft. 6 in. gauge. When the Bill went to the Upper House it was
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subjected to careful inquiry at the bar of the House, and the result

was, that the question of gauge was referred back to the Govern-

ment for further information. The Agent-General was requested

to procure reports from the most eminent engineers in England,

America, and Norway. All the reports could not be procured in

time, but those from Captain Tyler, Mr. Carl Pihl, Mr. Harrison,

and Mr. Woods were received in time to be taken into consideration,

and the result was that the Government decided to make light rail-

ways, as recommended by their own Engineer, on the old gauge

;

and the same Assembly which had voted for the narrow gauge

rescinded that vote by a majority of four to one. He could not

help thinking, if the question had been as fully ventilated with

regard to India as it had been in Victoria, they would have seen

a different result, and at all events they would not now bo asking

upon whose advice this serious and, as ho believed, unfortunate

step had been taken.

Mr. G. Allan read, from a voluminous manuscript, the follow-

ing remarks. None of the narrow-gauge lines of India being as

yet completed, the Meeting was necessarily without information

as to the actual cost of their construction and working ; and it

was chiefly from the experience of other countries that facts could

be obtained on which to form an opinion as to the relative advan-

tages of the broad-gauge systems and of the narrow-gauge systems.

He proposed, therefore, very briefly to lay before the Institution

some opinions of engineers based upon the actual construction and

working of narrow-gauge railways in the United States, and par-

ticularly of the representative narrow-gauge line of that country,

the Denver and Eio Grande railway, the success of which had

been so decided, that its gauge of 3 ft. had not only been accepted

as the standard narrow gauge of the United States, but so vast an

impetus had it given to railway enterprise in that country, that the

number of narrow-gauge roads at present working, constructing,

surveyed, and projected, represented a total of about 15,000 miles.

The Denver and Eio Grande railway had Denver, the chief town

of the territory of Colorado, for its northern terminus, and tra-

versed in a southerly direction the great rocky or mountain plateau

of the continent, running along the valleys of the watercourses

for a distance of 850 miles to El Paso, on the southern borders

of New Mexico. The two territories of Colorado and New Mexico,

through which the line passed, had very varied resources, and

were together equal in area to four times the area of England and

Wales ; and although Colorado had but a very sparse population,

New Mexico contained more inhabitants than any state or terri-
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toiy west of Kansas, except California ; whilst Mexico, the adjoin-

ing country, had a population of nine millions. The line would

eventually he extended to the city of Mexico, and would form a

great north and south tnink road of 1,850 miles in length between

the centres of both countries.

The first section, of 76 miles, from Denver was opened for traffic

15 months ago : 120 miles had been in operation for 8 months, and

158 miles for 4 months. It had been visited by many of the

leading railway engineers of the United States, and its capacity

for passenger and general business was admitted ; whilst its reduced

cost for construction and equipment had been to them no less sur-

prising. For purposes of comparison Avith this narrow-gauge road,

the Kansas Pacific line of 4 ft, 8^ in. had been taken, because

it was built by the same engineers, and partly by the same con-

tractor, and passed through a similar but somewhat less difficult

country. The average cost of the Kansas Pacific for constmction

and equij)ment was 24,500 dollars per mile against 16,000 dollars per

mile for the narrow gauge, representing a difference of 50 per cent,

in favour of the narrow gauge. The rails of the broad-gauge line

were 56 lbs. to the yard, and those of the narrow gauge 30 lbs.

to the yard ; but he should state that the cost of transport for

the light rails was so enormous that their price on the spot

averaged £18 per ton, their cost in England having been only

£7 12s. 6d.

On this subject of cost, he could not do better than state the

conclusions arrived at by the American Convention of Eailway

Engineers last year at St. Louis. It was composed of about fifty

railway Engineers, Mr. E. Wragge, M. Inst. C.E., being one of

its vice-presidents. It was at that convention that the gauge of

3 ft. was accepted as the standard for narrow-gauge lines, and

compared with the broad gauge, the Convention, throi:gh its Com-
mittee, felt justified in coming to the following conclusions on the

question of cost :

—

1st. " That in very rough mountainous countries, where it was

not necessary to run fast or time trains, the cost of construction of

a 3 ft. gauge road would not be over one-fifth of such roads as

the Erie, Pennsylvania Central, and Baltimore and Ohio ; and that

the capacity of the cheap road could at any time be increased by

capital, so as to do all the business for all time to come ; thereby

saving a large amount in first cost, and interest on the same, which

was the strongest possible recommendation for capital to invest in

narrow-gauge cheap roads, rather than in the expensive broad

gauge."
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2nd. " That in the broken, rolling country, where most of our

roads are constructed, the saving will be about as 1 to 2, namely,

that the narrow gauge will cost about one-half as much as the

present broad gauges have cost."

3rd. " That in the slightly undulating prairie, or plain country,

the cost of construction of a first-class narrow-gauge passenger road,

with the equipment suitable for a largo freight as well as passenger

business, will not exceed three-fifths of what a broad gauge would
cost, with what is now called first-class equipment and road-bed

;

and that the real comforts and safety of the narrow-gauge are fully

equal to those on the three great government broad-gauge roads

—

the Union Pacific, Kansas Pacific, and the Central Pacific."

Mr. Allan considered that these conclusions deserved great

attention, as many of the engineers represented chartered narrow-

gauge lines in operation or under construction, and were besides

men of great experience in railway engineering.

He would hand in a few additional memoranda in respect to the

Denver and Eio Grande railroad, which might be useful for refer-

ence.^ It might be worthy of notice that the covered wagons in

use on that line would carry about 11 tons of Indian full-pressed

cotton in bales. As regarded the general efficiency of the rolling-

stock, the Convention reported as follows:—"The Denver and
Eio Grande are doing a general freight and passenger business,

and are carrjdng live stock, wool, lumber, and, in fact, every class

of freight ; and their officers give it as their unreserved opinion,

founded upon actual experience, and which is concurred in by con-

necting broad-gauge roads, that they gain in every case where the

size of the car comes in question, and that in no case is the extra

room of the broad-gauge car equal to the loss in dead weight."

He thought that these facts were sufficient to prove the capacity

of narrow-gauge wagons to convey live stock, and they formed an
equally satisfactory answer to the objection raised by Caj^tain

Galton against their complete efficiency for ambulance purposes.

The German ambulance wagon of the latest type was 24^ ft. long,

8 ft. 3 in. wide, and 6 ft. 10 in. high, and contained accommodation
for 10 men, with 138 cubic feet of capacity to each occupant.

The corresponding Denver covered wagon was 22 ft. 1 in. long,

6 ft. wide, and 6 ft. high. It would accommodate 6 men, with a
similar cubic capacity to each. Or, in other words, it would accom-

modate more men than was stated by Captain Galton to have been

carried by the German broad-gauge stock throughout the late war.

' Vide Appendix IV.
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So firm were the promoters of the Eio Grande line in their

conviction of the success of their narrow-gange line, that they

undertook it without government, state, or local aid, and they

had now the satisfaction of seeing it, even in its present uncompleted

state, yielding a dividend of 8 per cent, upon its paid-up capital.

During the last seven years Mr. Allan had acquired an intimate

personal knowledge of the requirements and resources of India,

having reference not only to the nature of the country, but also to its

commercial wants. He could safely affirm that, looking to the expe-

rience of the construction and working of narrow-gauge railways,

the whole of the traffic carried on the present Indian systems could

be, with the utmost facility, conveyed upon the new gauge adopted

by the Government of India ; and ifthe present type of construction

—unfortunately extended over a distance of 6,000 miles in that

country—was so greatly in excess of the demands upon it, how much
more extravagant would it be to construct a secondary network of

the same type. Those 5,000 miles of broad-gauge railway which

had been laid out through the most populous and fertile districts

of the country, enjoyed the privilege of conveying, on an average,

some 675 tons of freight per mile of line per annum, or ^ ton

freight per train mile ; whilst, on the diminutive line of 2 ft.

gauge, in North Wales, there was a freight traffic carried per annum
of 10,000 tons per mile of line. The passenger and goods traffic

upon the proposed extensions would be insignificant as compared

with that commanded by the existing railways, and he would ask

whether, if a line of 2 ft. gauge was capable of carrying in one

direction only, as the Festiniog line did, fifteen times the average

amount of traffic carried on the Indian lines, the metre gauge adopted

by the Indian Government would not be amply sufficient for all

possible requirements ? There were but three more points to be

considered, and he would dispose of them in a few words. They

were the question of speed, of break of gauge, and of fitness for

military purposes.

With regard to the question of speed, he need only mention that

speeds of 35 miles per hour were frequently attained on the

Festiniog, Norwegian, and American narrow-gauge lines. Mr. Carl

Pihl considered that 25 miles per hour was a suitable constant

speed on a 35-lbs. rail ; and that oj^inion was borne out by Colonel

Greenwood, who lately informed Mr. Allan that the trains on the

Denver and Eio Grande railway were frequently run at a much

higher speed, and in fact that the ordinary running time of the

trains over 120 miles, with 17 stoppages, was 8 hours; whilst the

Scinde railway, with 7 stoppages, on its 5 ft. 6 in. gauge, took
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8| hours to travel 105 miles. As to the break of gauge in its

commercial aspect, he was confident that the allowance of 4d.

per ton, made by the Author, would be found ample. The expe-

rience of all other narrow-gauge lines was conclusive on that

point. He should state, too, that a comparison of the conse-

quences resulting to commerce between two of the main lines in

England, had no reference whatever to the railways of a country

which had only to carry half a ton per train mile, and with
which to this day the native carriers by land and water success-

fully competed, not only for short, but for long distances. The
inconveniences experienced in England had been dwelt upon with
little consideration of the very different conditions existing in

India. There the evils would, practically, be little felt at present,

and if hereafter they should—from the increase of traffic and the

multiplication of the points of contact of the two gauges—become
serious, he ventured to predict that the broader gauge would
succumb, as it had done in England, before its narrower and less

costly rival. The fact was that by saddling so poor a country as

India with an expensive system of railways, the British Govern-
ment had terribly checked its progress ; for even Mr. Andrew
would not deny that had India possessed the 15,000 miles now
to be given her, instead of the 5,000 miles it had taken a quarter

of a century to provide her with, her social, and commercial, and
national progress would have been greatly increased. Was there

then such great reason to exult, with Mr, Andrew, on the blessings

conferred upon the natives of India by charging them £18,000 per

mile for their railways ? Would railways be considered an ines-

timable boon to this country if they could not hold their own
against the old road wagon ?

As to the military part of the subject, it was admitted that the

Scinde and Peshawur lines had great strategic importance, and
that the plan adopted by the Government was, under the circum-

stances, the best. Having looked the question of cost fairly in the

face, it had been decided to alter the present two broad-gauge
sections, and thereby to establish an unbroken narrow-gauge system
between Peshawur and its natural sea-base at Kurrachee over a

distance of 1,092 miles. The distance of Calcutta from Lahore
was over 1,500 miles ; and they had, very properly, looked upon
a break of gauge at Lahore as of the less importance, and more
especially as the intervening country between Lahore and Pesha-

wur was desert. Lahore, in an emergency, must of necessity be

the great centre and depot for all arms of the service, stores and
munitions of war. A break of gauge, therefore, on the edge of a
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desert country and at the end of a line 1,500 miles long, could not,

for one moment, be set against the greater importance of a policy

which had for its object the providing of a great system of railway

communications, capable of doing all that could be required of

them without being, as with the present system, a terrible burden

to the country and a source of financial weakness. Mr. Allan

thought it would be admitted, even by the most earnest opponents

of the metre gauge, that in adopting 5 ft. 6 in. as the standard

gauge in India, a mistake had been made, and that a narrower and

less expensive gauge would have sufficed for the wants of the

country. If railway construction were now about to be commenced
in India, he did not believe that any person present would advocate

the adoption of the 5 ft. 6 in. gauge. But railway construction in

India was only in its infancy ; the 10,000 miles they were told were

to be now proceeded with represented but a fraction of what

would be ultimately required ; and the Government of India, in

recognising the mistake that had been made and resolving that it

should not be perpetuated, was acting in the highest interest of the

great country over which it ruled.

Mr. J. T. Wood said, that during the discussion much considera-

tion had been given to the question, if, under the conditions of a

load of Sh tons on each wheel, a speed of 15 miles per hour, and

a minimum goods traffic of 100,000 tons per annum over the

greater portion of a line, there was any real economy in the con-

struction and working of a railway on the metre gauge, over the

construction and working of a railway on the 5 ft. 6 in. gauge.

Very few speakers, out of the many competent judges, had

expressed a decided opinion of marked advantage in the metre

gauge, under those conditions. He suggested that the attempt to

substitute the metre gauge for the standard gauge, instead of ren-

dering it subsidiary to it, was inconsistent with the spirit of the

despatch from the Duke of Argyll of the 26th October, 1870, and

was not the way to meet many of the present requirements of

India as regarded cheap and remunerative transport.

It was usually considered a matter of course that the railway

requirements of the militarj^ forces in India were of more import-

ance than the railway requirements of the 240,000,000 persons

who constituted the inhabitants of that country. He had no

intention to go into the question of how or why England held

India, but to confine himself to the provision of military transport,

which was to take precedence of, and to be paid for by, the public.

It had been stated that the existing carrying capacity of a single

line, on the standard gauge, was the power of carrying 1,800
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troops, fully equipped, 280 miles in 2i hours for many days

together.^ The capacity of the metre gange would, of course, be

less in proportion. This capacity, however, was perfectly insig-

nificant compared nvith that of the English railways, by means of

which above 100,000 troops could be concentrated on any point

within 24 hours. They had, however, the power of greatly

increasing the carrying facilities in India in any particular district

where the standard gauge existed, not simply by the power of

concentrating existing rolling-stock, but by the power of using

the concentrated rolling-stock by means of additional sidings,

which, with an ample supply of labour, could always be laid down
in a comparatively short time. A break of gauge would take away
this power. What was the economical consideration that had
induced the Government of India to give it up, for at least some
years to come, as regarded the Punjab lines ? A contemplated

saving of less than one halfpenny in the pound on the annual

military expenditure in India, which exceeded fifteen millions

sterling per annum, while 4 per cent, interest on the £530,000,

which the Author estimated as the saving on the Punjab lines,

was £21,200.

But if Mr. Wood understood some of the previous speakers aright,

it had been suggested that the power of carrying 11,000 troops,

fully equipped, 280 miles in one week, would meet all the pro-

bable requirements of military emergencies in the Punjab. If so,

that result was within the capacity of an ordinary" tramway, not

even worked by steam power ; and the Government would not be
financially justified in making an expensive metre-gauge military

railway to be worke'd by locomotives, when its maximum require-

ments could be provided for at a much lower cost. The Wimbledon
tramway, which had cost considerably under £1,000 jDer mile, with
four cars only, each pair of cars being drawn by one horse, had
carried 2,538 passengers about 1,200 yards in one day.

The despatch from the Duke of Argyll, which Mr. Wood had
previously referred to, alluded to " lines mainly valuable for

strategic purposes," and to " the great military lines of India

being now complete." But if provision for military emergencies

was to be omitted, and the ordinary military transport only to be
considered, let them apply the Author's test of the use of those

lines to the military, namely, the use actually made of them by the

military. Statistics taken from the printed reports for the half-

' Vide Parliamentary Paper, 4th April, 1871, p. 39. " Pteport by Colonel

Strachey, Colonel Dickens, and Mr. Pendcl, 27th September, 1870."
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year ending June last showed tlie conveyance of the military was

as follows :—Scinde, under 6 per cent, of gross receipts ; East Indian,

Great India Peninsula, Madras, under 4 per cent, of gross receipts

;

Bombay and Baroda, under 2 per cent, of gross recceipts; and

Eastern Bengal, under 1 per cent, of gross receipts. So that the

ordinary military trafSc did not amount to one twenty-fifth part

of the general traffic of the country.

It was stated in the Paper that the transport of the utmost

amount of traffic to be expected on any of the contemplated lines

would certainly not be beyond the capacity of the metre gauge

;

and that, on the contrary, that capacity would probably suffice for

the ti-affic of the existing 5 ft. 6 in. gauge. Now what were the

conditions which had to be provided for, and which were con-

sidered by Government essential to the maximum of success ? 1, a

charge of ^d. per mile for passengers ; 2, a charge of ^d. per ton per

mile for goods ; 3, an uniformity of gauge for the subsidiary lines
;

and 4, a net return, on the average, on the outlay of not less than

4 per cent.

Clearly the arrangements to be made must depend on the amount

of the traffic estimated in each particular case ; and speed might be

considered as only required for exceptional cases, and therefore be

disregarded. The estimated traffic might not be sufficient to finan-

cially justify the making of any kind of road. They might have to

begin with a tramway adapted to a load not exceeding half a ton

per wheel, and to be worked by manual labour until the traffic

justified the use of animal draught or steam power, and ultimately

the conversion of the tramway into a 5 ft. 6 in.-gauge railway

;

but if they began by a locomotive railway in the first instance,

when the estimated traffic would not justify it, they would in-

evitably impose an unnecessary burden on the tax-payers. It was

essential that the cars and wagons on the metre-gauge tramways
* should be so constructed and be made of such dimensions that

several of them could be conveniently rolled into, and carried on,

an ordinary wagon of the 5 ft. 6 in. gauge. This would go far

to remedy the evils of the break of gauge as regarded economy in

the supply of rolling-stock—by enabling an interchange of stock

between different tramways to be made—and as regarded the

transport of goods liable to damage by handling. The dimensions

of the rolling-stock proposed, as given in Mr. Guildford Moles-

worth's report, were such, that only a single wagon could be

placed on a standard-gauge wagon, and some of the stock, when

so placed, would make the load too high for the standard dimen-

sions of the Indian railways.
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As regarded the capacity of the in6tre gauge sufficing for the

traffic of the existing 5 ft. 6 in. gauge, Mr. Wood had doubts as

to the cotton traffic being carried on the metre-gauge lines as

economically as on the 5 ft. 6 in.-gauge lines. But he had
no doubt that the metre guage was not economically adapted to

the traffic of the district he was more particularly interested in

—

the district of Eastern Bengal. He would state that, on the

Eastern Bengal railway, they had the evils of break of gauge
and keen water-competition to contend with. There was a

break of gauge between the railway and the warehouses in the

city, at one end of the line, and another break between the

rail and the boats on the rivers, at the other end of the line.

These breaks alone deprived the railway of an enormous amount
of traffic. To obviate one break of gauge they had gone to a very

heavy expense in bridging a river, and had not yet got the cost

of crossing it down to the Author s 4d. per ton. The actixal

cost of transfer of goods between the railway wagon and a vessel

alongside might work out at less than 4:d. per ton, but the delay in

the transfer of 1,000 tons was 2^ days, and the traders had
found it economical to use sacks for grain and seeds, for the

use of which they paid ^d. per sack per trip. There were
three kinds of traffic which they could not carry on a metre-

gauge line without having greatly to increase—probably to double

—the number of trains, namely, jute, passengers, and fresh pro-

visions. The distance was 152 miles. The goods trains were
11 hours, the passenger and provision trains 7f hours on the

journey. Jute measured about 10 lbs. to the cubic foot; it was
carried either in wooden wagons of 1,008 feet capacity, 18 ft. x
8 ft X 7 ft., or in iron wagons of 1,700 feet capacity. They carried

last year 80,000 tons of jute during the 6 months of the season, almost

the whole over 152 miles, but 250,000 cubic feet in a day was only

a fair day's work. It would have required at least 400 trains more
to have carried the same quantity by the metre gauge, and as the

traffic was all one way, ihey would have had the cost of 800 train

miles run over every mile to set off against the interest of any
saving that could have been effected by the metre gauge ; which
latter, according to the Author's calculation, would not have

exceeded £50 per mile. Next, as regarded passengers, they had

1,500,000 per annum to carry an average distance of not less than

35 miles, and they could not afford to go at a_ slow rate ; this

would necessitate additional trains for the metre gauge. There

had been instances in which their existing carriages had been

blown over in a storm, so that the Canadian or any enlarged
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carriage on the raetre gauge would not be safe. The fresh pro-

vision traffic was considerable, and required in a hot climate much
space and peculiar arrangements.

Mr. Wood had alluded to the necessity of adapting the metre-

gauge tramway wagons to being transported by the 5 ft, 6 in.-gauge

wagons. He anticipated that might be a solution of the difficulty

of collecting and delivering much traffic from terminal stations

in the large towns of India and from feeding tramways, and would

greatly facilitate the transport by rail, in India, of many articles

liable to pillage and injury in transport, such as salt, tea, opium,

indigo, grain, and seeds. He laid no stress on the carriage of the

dead weight, because he knew, by experience, that the haulage of

a full train with a paying load of 300 tons required the con-

sumption of ^ more coal only, than the haulage of the same train

empty.

He dissented from that portion of the Paper in which the

Author argued that:—"On the reasonable supposition that the

rates and fares of the guaranteed railways are fixed with a view to

the production of the largest possible revenue, their gross earnings

may be regarded as representing what the people of India, for

whose benefit the railways were made, are willing to pay for

such benefits ; in other words, what, in their opinion, these

benefits are worth. By being made to pay for the said benefits

£1,660,000 over and above the amount represented by the gross

earnings, they are plainly paying £1,660,000 more than the

persons who use the railways, and who ought to be tolerably

good judges of that particular point, do believe the said benefits to

be worth."^ If it was wished to take the test of the user of the

lines, let the work done as measured by jiassenger mileage and ton

mileage be taken—the mileage of the soldiers and military and
government stores—the mileage of the letters and parcels trans-

mitted by Government, a large portion of the 77,000,000 letters sent

through the Indian post-office last year ; but they should not take

the amount that under a system of average rates and fares, instead

of rates and fares applicable to each particular case, had been charged

for railway transport in India. A railway in India, as regarded con-

struction and working, cost as much or more than a similar railway

in England ; but in England they charged a third-class passenger

one penny a mile, while in India they charged him only three-

eighths of a penny. Near and round London it is now considered

good policy, that the rate-payers should be under the obligation

> Vide aute, p. 218.
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to make and repair the roads for the public good, and they had

recently done away with all toll-bars. If they admitted a similar

obligation, on the part of the Indian Government, to provide

facilities for locomotion, the deficit would represent a payment,

by the state, of an amount of 4 per cent, only, of the annual

taxation, to obtain the enormous indirect benefit conferred by the

railways on the community. No inconsiderable portion of the

soreness attending the deficit might, however, be attributable to

breaks of gauge of a difierent character to that of the break

between the metre gauge and the 5 ft. 6 in. gauge. There was the

break of gauge between- England and India ; the break of gauge

between the guarantors and the guaranteed ; the break of gaxige

between the different departments of Government; and lastly,

the 4d. deducted by the English Chancellor of the Exchequer

from the income of the shareholders, in pursuance of a narrow-

gauge policy, from those who have constructed the raihvays in

India ; a sum in itself more than amply sufficient to pay the interest

on the assumed extra cost of preserving the uniformity of gauge

on the Punjab lines for ' Imperial ' purposes.

Mr. Gkorge Berkley said he ventured to make a few remarks

on this important subject, chiefly because during the last thirty years

he had opportunities of obtaining a somewhat special experience

which should have enabled him to form an opinion upon it. Since

the year 1849, his attention had been daily directed to the making

and working of railways in India, and during that period he had

visited India twice, and had traveled over the greater part of

the existing lines of railway. Prior to that, in ]843, he had

represented his great master, Mr. Eobert Stephenson, Past-President

Inst. C.E., in altering the gauge of the Eastern Counties railway

from a width of 5 ft. Oj in. to the ordinary 4 ft. 8-^ in. gauge ; and,

subsequently, in attending daily the meetings and experiments of

the Gauge Commissioners. Mr. Berkley was also engaged in all

the battles of the gauges.

The statement which had been read by Mr. Eendel was chiefly

remarkable for its omission of the main element under considera-

tion, namely, the comparative cost of lines of the 5 ft. 6 in. gauge

and of the 3 ft. 3 in., or metre gauge, and on account of the state-

ment that he had expressed no opinion on the introduction of

a narrow gauge on the Punjab railways. The question of uni-

formity or of non-uniformity of gauge not having been referred

to Mr. Eendel, or the other commissioners who reported in 1870,

the question naturally was, by whose advice were the narrow gauge

and the breaks of gauge introduced ? Certainly not by Mr. Moles-

11872-73. N.S.] 2 c
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worth, the Chief Engineer to Govermuent in Tndia, as that gentle-

man, in 1862, reported against the introduction of the narrow gauge

into India, and in his report on the state railways he said that on his

arrival in India he was informed, that " its adoption was a question

which had been settled, and was not to be re-opened," A probable

reason for the introduction of the narrow gauge appeared in

General Strachey's statement, that the Government could not

disconnect the two separate questions of the suppression of the

companies and the change of gauge. Mr. Berkley could not

understand what the one had to do -^dth the other. It could

scarcely have been imagined that such a reason could have been

pleaded, if Mr. Eendel had not stated that " the simple reason for

doing so was, that at the time the gauge was settled it was the

intention of the Government of India to adopt for India the French

system of weights and measures," which reason seemed to Mr.

Berkley to be equally inappropriate.

The important feature of the Paper prepared by General

Strachey, and which had been read by the Secretary, was the

statement that the comparison which guided the Indian Govern-

ment was that of two things which Avere not comparable,

namely, of two railways, one of which had a capacity vastly

superior to, as well as being more complete than the other. It

was thus, Mr. Berkley believed, that a great deal of misconception

had arisen. Lord Lawrence and 'Mr. Danvers had both made the

same mistake. Lord Lawrence compared existing railways, which

cost £12,000 per mile, with estimates for the narrow gauge purport-

ing to cost £7,000 per mile. Every one must know that no such

difference between the cost of lines of the two gauges, assuming

them to be of equal capacity, could possibly exist. General Strachey

and those gentlemen introduced a comparison of cost based on

false data, which appeared to have been quite understood by

the Author, who did not make a comparison between a railway

with rails weighing 75 lbs. per yard to bear a load of 6 tons per

wheel, and another line with rails weighing 40 lbs. per yard to bear

a load of 3 tons per wheel, but who made the fair comparison

between two railways constructed with light rails to carry equally

light wheel-loads.

It had been stated by Mr. Eendel that railways of the 5 ft. 6 in.

gauge, or even ofthe metre gauge, were not justified in India, because,

though the country was very populous, the people were very poor.

It seemed to Mr. Berkley that Mr. Eendel and the Government had

fallen into the error of taking simply the state of things as they

actuall}' existed. They had not considered the increase of wealth

I
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and of commercial activity caused by the introduction of railways

into a countr}'. The idea of the Government on this point, Mr.

Berkley ventured to say again, was hased upon misconceptions.

It had been alleged by General Strachey that if the state

railways had been made on the 5 ft. 6 in. gauge they would have

been— not might have been—made with heavy rails. Now the

Government having taken the construction of those lines into

their own hands, and employing their own officers for the purpose,

Mr. Berkley was quite at a loss to conceive why those officers

should not make them of the same capacity as the proposed

narrow-gauge lines. It had been pointed out to him as a proof

that they would not, that when the Government decided to make
the line to Hyderabad on the 5 ft. 6 in. gauge they adopted a

heavier rail than they were going to adopt for the narrow gauge.

Mr. Molesworth, however, had explained this by saying that the

Government found there was a large traffic on the Hyderabad
line, and they desired that it should be worked by the stock of,

and in connection with, the Great Indian Peninsula railway.

They also found another railway had a surplus of rails weighing
GO lbs. per yard, and other materials suitable for the purpose,

and therefore they laid the line with the heavier rail. Mr.

Berkley did not think that such an exceptional case could be

taken as a proof that all state railways under state influence,

though the gauge was 5 ft. 6 in., would be laid with heavy ruils.

General Strache}^ seemed to think they could not send their

wagons over light raihvays, because, he said, they weighed 16 tons,

and had only 4 wheels. Now Mr. Berkley was not aware of

the existence of any such wagons, but if there should be one or

two of that exceptional construction it would be advisable to

j)ut another pair of wheels under them. The Author also spoke of

the difficulty, in case of emergency, of sending the locomotives of

the existing railways over the light rails ; therefore, he said, a

large stock of surplus locomotives must be kept to meet those

emergencies. That was answered by Mr. Bruce, who stated, very

properly, that they could use heavier engines at a slower speed.

When, however, they knew the speed on the state railways was
to be only 15 miles per hour, Mr. Berkley did not hesitate to say

they could use locomotives existing in the stock of the guaranteed

lines, at that speed, in all cases of emergency.

He did not think that any one would dispute what was stated

by Lord Lawrence—first, that they should be guided by past

experience ; and secondly, that economy—true economy—should

be the object of them all. It was especially the engineer's business

2 c 2



388 STATE RAILWAYS OF INDIA.

to accomplisli the object desired at the least cost. The Author

started upon fair principles, and logically argued the case, but Mr.

Berkley ventured to think his data and premises were incorrect.

The question which that gentleman had asked was this :—What
were the comparative estimates of the cost of construction and

working, and the degree of present and future usefulness of lines of

equal capacity on the 5 ft. 6 in. gauge and on the metre gauge,

introduced into India under the existing circumstances of railways

in India ? The Author argued, if Mr. Berkley understood rightly,

that the existing lines had not been justified by the traffic that

came upon them ; that the people of India had been heavily

taxed in consequence ; that 3 ft. 3 in., or metre-gauge lines,

could be made to do all the work, and that they could be made
at a saving of £1,000 per mile; and further, that the evil of

break of gauge was represented by an estimate based on the

small amount of present traffic at the Lahore station, and hence

that it might be valued at a charge of 4:d. per ton. Mr. Moles-

worth stated, that some 2,800 miles of state railways were under

construction, or were now intended to be made ; and Mr. Berkley

thought it better to deal with that which was probable, rather

than with the mythical 10,000 miles, which represented nothing

but a number of round figures which had been ingeniously intro-

duced into the discussion, while the number of breaks of gauge
consequent on their construction had not been referred to—the

evil which would arise at Lahore being alone mentioned.

With respect to the present railways paying and being justified,

he would say, in the first place, that the gross traffic did nOt

represent by any means what the Indian people were willing to

pay for the railways. They could not use the railways as much
as they desired. He was glad to be supported in his views on

this point by Mr. Eendel's statement. There were, in fact, very

few bad weather roads ; and therefore traffic could not be brought

to the railway stations during the monsoon. The stock, establish-

ment and capacity of railways had to be provided, to earn the

dividend in soii.o seven months of the year, instead of during

twelve months. Hoads were indeed much wanted in India for the

benefit of the country, as well as for the advantage of the existing

railways.

It had already been said that the construction of railways was
justified by advantages not represented by dividend. There were

certain parts of lines existing which did not and could not have

been expected to pay any one, except the Government for strategic

purposes ; and over the whole of the lines the mails passed free,
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with the exception of a small charge for the sorting carriages.

The officers, soldiers, and the army followers traveled at much
reduced fares, resulting in a very large saving to the Government.

It would also be generally admitted that the effect of railways,

made by Government, could not be argued, as proposed by the

Author, simply upon the question of whether the dividend was
3 per cent, or more. When the effect of the introduction of rail-

ways into India was under consideration, the increased prosjDerity

of the country, consequent thereon, should be taken into account.

Now what had been the effect of railways upon the country

already? Taking the year 1849, before the railways were com-

menced, the imports into the country—representing the comparative

condition of the people—were about £8,300,000, and twenty years

after that period they were £36,000,000. Taking the exports,

representing the productiveness of the country, beginning at

£10,000,000 in 1849, they rose to £53,000,000 in 1869. Was that

no justification for the construction of the existing railwaj^s in

India ? Again, in the article of cotton the value exported, in 1849,

was about £1,775,000, and in 1869, and since that date, the value

exported had been upwards of £20,000,000. A number of other

products had been much more largely cultivated. The export of

jute had risen from about £68,000 to about £2,000,000; timber from

£28,000 to £268,000; seeds from £71,000 to £2,000,000 in that

twenty years. Did not that show that the growth of the wealth

of the country had expanded with the construction of railways,

which had given the required facilities for the carriage of the

produce to the shipping ports ?

In one of his valuable and interesting reports—written in 1860

—Mr. Danvers stated that more than Id. per pound was saved

by the railways in the carriage of cotton : taking the quantity

carried during late years, this saving had been from £2,500,000 per

annum to £3,500,000 per annum ; and in each of the years 1 864-65-

66, instead of £1,750,000, as in 1849, £35,750,000 worth of cotton

was exported. The quantity, producing this enormous amount,

could not have been carried to the shipping ports, if it had not

been for the railways, and therefore it would not have been grown

;

and the difference in the value of that article alone in those three

years exceeded 100 millions sterling, or more than the cost of all

the railways put together.

The limited dividend now earned did not represent the required

capacity of the existing railways. The traffic was bulky; the

rates were not high, and the period, during which the dividend

was earned, extended over only about two-thirds of the year. Eail-
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ways must be capable of carrying at least the maximum existing

traffic, whicb had amounted to about £132 per mile per week on a

part of the Great Indian Peninsiila railway, where the ruling

gradient was 1 in 120, and to about £100 per mile per week on

an incline of 1 in 40, of 14 miles in length. The power required

to work this traffic, on such gradients, was fully as great as that

which was necessary to work the traffic of the London end of the

London and North Western railway over its gradient of 1 in 330.

It had been requisite to increase the power of the locomotives

employed until they were as powerful as any in this country. 'J"he

traffic which had existed could not be carried on the light 3 ft. 3| in.-

gauge railway proposed by the Government. The traffic had in-

creased, as had been explained by Mr. Price Williams, and it would
certainly continue to increase.

The traffic on English railways, between the years 1849 and

1867, had increased in proportion to the increase of capital ex-

penditure in the following ratios :

—

Capital expended, 120 per cent.

Passenger traffic receipts, 240 per cent.

Goods traffic receipts, 400 per cent.

It was, therefore, not surprising to find, that the exports from

Bombay, which were very largely carried by railway, had increased

between 1849 to- 1869 from £6,000,000 to £24,000,000.

In the absence of Mr. Fowler, he wished to make an observation

on a misapprehension which he thought had arisen respecting

that gentleman's rej)ort. The Author had based his calculation of

cost, partly on figures found in Mr. FoAvler's report, and, with the

skill of an advocate, he had averaged those with other figures given

by Mr. Hawkshaw. Mr. Hawkshaw had given an explanation of

his figures, but Mr. Fowler was not there to explain his figures.

Mr. Harrison and Mr. Bruce criticised, with fairness and truth,

the basis of the estimate in Mr. Fowler's report. Kow a careful

reading of that report led Mr. Berkley to believe that the Author,

as well as Mr. Harrison and ]Mi\ Bruce, had been labouring

under a misapprehension. Mr. Fowler stated distinctly, that the

" dimensions, quantities, and prices " were assumed by him to be the

same as those adoptedby the other Commissioners—Messrs. Strachey,

Dickens, and Eendel—for the purpose of comparing the cost of a

2 ft. 9 in. gauge, and a 3 ft. 3 in. gauge, the adoj)tion of one, or

the other of which, was the practical question referred to the Com-
missioners ; and Mr. Fowler added, to make this clear, " that in

carrying out the work I have advised the reconstruction of each
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detail." He guarded himself by those words from its being

assumed that the dimensions, &c., were the bases on which ho
would calculate the difference of cost between the 5 ft. 6 in. gauge
and the narrow gauge.

The subject of cost was all-important in this discussion ; for, in

the words of the Author, the only reason " for adopting a narrow
gauge, was belief in its superior economy." Mr. Berkley had, there-

fore, taken the trouble, with the permission of Mr. Bruce, to examine
that gentleman's estimates ; and though he did not exactly agree

Avith Mr. Bruce in the figures he arrived at, Mr. Berkley found that

he had adopted a true method of comparison between the cost of lines

made on the 5 ft. 6 in. gauge and on the metre gauge. Mr. Bruce had
to construct 216 miles of line on the metre gauge. Every work was
designed, and the quantities were ascertained. He designed them
over again, making them sufficient for a line of equal capacity on

the 5 ft. 6 in. gauge ; the difference of the quantities were
valued at the schedule rates of the contract, and he thus arrived

at the correct figure representing the difference of cost. Why Mr.

Berkley did not quite agree with Mr. Bruce's result was, because

he did not think that works designed for a railway generally

represented all the works that were required ; therefore he thought

there might be a percentage of contingencies, larger than was
allowed by Mr. Bruce, which would tell upon the difference of the

quantities, as well as upon the quantities themselves. Therefore

Mr. Berkley preferred to put the extra cost at £250 per mile, instead

of £200 per mile which Mr. Bruce had given. To check this

further, he had, with the assistance of Mr. Manning—who had
been for sixteen years in India, employed on the construction of the

Great Indian Peninsula railway—taken out the quantities for

upwards of 1,200 miles of the Great Indian Peninsula railway,

and had applied to the difference of the quantities of earthwork,

ballast, masonry in bridges and culverts, iron bridges, &c., the

schedule rates at which such works had been executed, and he thus

had arrived at the excess of cost of a 5 ft. 6 in. gauge line over

one on the smaller gauge, in the country traversed by the 1,275 miles

of the Great Indian Peninsula railway. The sleepers, which formed

the most important item of excess, he took at the value per cubic

foot at which they were delivered at Bombay, and charged them
with 500 miles of railway carriage and 50 miles of land carriage.

The restilt of that calculation was a difference of£400 per mile. Mr.

Bruce was having his earthwork done for 4d. per yard ; the average

price on the Great Indian Peninsula railway was 8^. per yard, and
other prices in Madras were lower than those ruling in the Bombay
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presidency ; but Mr. Berkley desired to err, if at all, on the side of

over-estimating the excess of cost of the railways on the 5 ft. 6 in.

gauge. He felt sure that the average difference of cost in India

would not exceed £400 per mile. This difference of £400 per

mile was in excess of that which they would have experienced

;

but assuming this amount, the account on the Punjab railways

stood thus :—773 miles at £400 = £309,200 = saving by metre gauge;

while the cost of laying the third rail and of extra rolling-stock

would be £647,877 : showing a balance in favour of the standard

gauge of £388,677. To this must be added the cost of the tran-

shipping station, the cost ofworking it, and the cost of maintaining

the third rail, where laid. If therefore economy was to be regarded,

the cheapest thing to do was to lay the 5 ft. 6 in. gauge, with

light rails, on the Punjab lines.

The saving which would be effected by making railways on the

metre gauge had not been stated by Mr. Eendel, but Mr. Molesworth

had given his ojoinion, " that the saving in first cost uf construction,

between a narrow gauge line, and one on the standard gauge, was

not large." Mr, Berkley had reported on the subject of the gauge

of the Indore line, in which the commercial element was combined

with the strategic element ; which rendered it a case of, at least,

as great importance as the railways in the Punjab. It com-

menced by a junction with the Great Indian Peninsula railway

at Khundwa, about 380 miles from Bombay, and formed part of a

through route, from that city and shipping port, to Agra, Delhi,

and the north-west of India. By the construction of the proposed

state railways, passing Indore, on the metre gauge, breaks of

gauge would be established on that most important line of com-

munication, at Delhi, at Agra, and at Khundwa, as well as at

Lahore, and the prosperity of the district would be sacrificed ; for

while there was excellent iron ore and limestone, which had been

worked on the state line, the coal necessary to utilise it was on the

Great Indian Peninsula railway ; in fact, the break of gauge at

Khundwa would separate the coal, the iron, and the limestone

districts, as well as important cities, districts, and military

stations from their shipping port, and from the metropolis of

western India. He believed there could not be any saving of cost

equivalent to these serious disadvantages.

He did not propose to discuss, in any detail, the questions of the

cost of maintenance and of working. Maintenance, he believed,

would be practically the same on both gauges. Tlie sidings on the

narrow gauge mudt, neceasarily, be longer, and therefore both their

first cost and their maintenance would be greater on the narrow
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gauge than on the standard gauge. The advantages in point of

economy of working would, in his opinion, be on the side of the

5 ft. 6 in. gauge. On this subject he would quote Mr. Molesworth,

who, in his report on the State railways, when speaking of the

assumed superiority of the narrow gauge—in respect of dead load

to load carried— said that it was a fallacy, and also stated—that

which every one who knew India would confirm—that the traffic

on the Indian railways was bulky, and that for bulky material the

broad gauge was the more advantageous.

It had been argued, that a break of gauge in India was very

different from a break of gauge in England ; but whether in

England or in India the evil would be in proportion to the amount

of the traffic, and to the character of the traffic passing the point

where the break was established. But the comparative inefficiency

of the natives at the stations, and the pilfering and bribery going

on, made it more serious in India, than in England, and it must be

borne in mind, that it would affect the prosperity of the community
quite as largely as it would affect the prosperity of the company.

Again, he found Mr. Molesworth had considered this subject, and

had reported that the break of gauge was a " very serious evil,"

the amount of which was more than equivalent to 20 miles of

carriage along the line, which he " understood was the estimate of

traffic-managers." That was the expression of the Engineer-in-Chief

of the State railways of India, with reference to ordinary traffic;

but in speaking of the transferring of ordnance and ammunition,

he said they, as yet, knew very little about it, and that it was neces-

sary that a series of experiments should be made. Yet, before they

had made the experiments—required to prove the efficiency of lines,

necessary to ensure the safety of the empire—they were constructing

these lines on a gauge the capacity of which was as yet unknown.

Without going into details, which he had at hand, with reference to

the Great Western railway, he might briefly mention that out of

893 miles of broad gauge— 7 ft.—650 miles had been altered to

the 4 ft. Si in. gauge ; and he did not hesitate to prophesy that

only a. brief period would elapse before all the rest would be altered.

It was difficult to arrive at the details of a E ailway Company's

accounts ; but there had been votes taken which gave a pretty good

clue to the outlay ; and he did not hesitate to say that the cost of the

adoption of an uniform gauge on the Great Western railway would

amount to fully a million and a half sterling. Notwithstanding that

enormous expenditure the company had, partly by getting rid of

the evil of break of gauge, risen from a state of great adversity to

the position of one of the most prosperous railways of England.
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Of course this arose partly from a combination of other circum-

stances ; but the increased prosperity was largely due to the

establishment of uniformity of gauge. It had been urged by
General Strachey, that the experience as to this English railway

would not apply to India. Now was this true ? If so, why had
the Commissioners calculated on an expenditure of £327,177 on

the Punjab railways, to avoid the evils of break of gauge? and
why did Messrs. Strachey, Dickens, and Eendel contemplate that

it might be necessary to lay a third rail on the 5,000 miles of

existing railway in India at an estimated cost of £5,000,000

sterling ?

Mr. Berkley had entered on the consideration of this question

with an earnest desire to see whether some compromise could not

be introduced ; because, though the Government might have made
a mistake, they had bought materials for the state railways, and

the question naturally arose, could they not use them somewhere ?

Must they sell them at a loss ? If they did as the Eastern Counties

Company had done, in days gone by, namely, make a present sacri-

fice to obtain an uniform gauge, they would, in his opinion, do

that which was commercially wise, and which would be for the

benefit of the country ; but if this was too much to ask, perhaps

the material purchased might be utilized on some of the proposed

lines ? Knowing India moderately well, and considering the fact

that they had scarcely any roads to the present stations, that the

land required irrigation, and that the harbours in India wanted

docks, he ventured to suggest, that the Indian Government had

3'et a great deal to do, before entering upon the construction of

10,000 miles of railway ; and that it would be wise to proceed with

those works which would increase the productiveness of the land

and utilize the existing railways, and to make only such new lines

as would be feeders, or were strategically or commercially necessary,

at the present time, in the cheapest way they could, by the adoption

of inferior gradients and light rails on the standard gauge.

Colonel J. P. Kennedy, in an authorized communication through

the Council, stated that he generally concun-ed in what had been

said in regard to the evil effects of a break of gauge. Still he main-

tained that if there were no railways in India, and a gauge had to

be chosen, the 3 ft. 3 in., or metre, gauge was not the one which

should be adopted. It could be incontrovertibly proved that such a

narrow gauge was wholly inapplicable to the peculiar traflfic of India.

The proper principle was to make the width of the wagon-load

proportionate to the width of the gauge. If, as proposed, the

load was projected laterally beyond the base, or gauge of the
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wagon, so as to carry the broad-gauge load on the narrow-gauge

line, accidents would inevitably result from such a violation of the

ordinary laws of equilibrium. He had carefully classified the goods

traffic conveyed over the Bombay, Baroda and Central India rail-

way, 312 miles in extent, during the years 1870 and 1871, accord-

ing to the approximate specific gravity, per cube foot, compared

with the bulk per ton of each kind of goods ;
^ and he had arrived

at the conclusion that such a classification was the only test by
which the fitness of different railway gauges, or the proper distance

between the rails of the wagon track for the conveyance of traffic,

could possibly be established, as afiecting the relation existing

between the bulk and weight of the prevalent classes of product to

be conveyed in any country. It showed that the fitting gauge for

the conveyance of light products must be wide—while that for

conveying heavy minerals might be narrow, and that the wide

gauge suited both light and heavy traffic. It also proved that the

5 ft. 6 in. gauge, established for India in 1851, was the most

suitable that could have been selected ; whilst the 3 ft. 3 in. gauge,

now sought to be established, would not merely introduce the

inconvenience of a break of gauge, as in England, but, in addition,

inflict a permanent injuiy upon the commerce of the country, hj
providing a wholly unsuitable means of transport for the products

to be conveyed.

Mr. J. W. Grover, in an authorized communication through the

Council, stated that the entire question of Indian gauge should be re-

cont^idered. It was true that nearly 5,000 miles of railway had been

constructed on the 5 ft. 6 in. gauge, but it was stated that 10,000

more miles had yet to be laid down, and if so, he would ask whether

it would not be wiser to alter the gauge of the existing lines, rather

than to perpetuate an error for the sake of preserving uniformity ?

At the first view, such a suggestion might aj)pear startling, but

he believed a little consideration would show, that changing the

gauge was not so formidable an undertaking as persons might

suppose. In the course of the last year he had to make several

estimates for railways of considerable length and of various gauges,

in the Austrian Empire—the lines running over a level country, such

as the plains of Hungary. In considering the question of the gauge

which should be adopted, he arrived at the conclusion that the saving

of a metre-gauge line, over one of 4 ft. 8h in. gauge, was from 10 per

cent, to 12 per cent., according to circumstances. He believed that

amount could be saved in constructing a line on level ground, but

Vide Appeuilix V.
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when rough country had to be dealt with, the saving which would
arise from adopting the narrow gauge would be much greater.

Much depended upon the sharpness of the curves, and the manner
in which the line could be made to accommodate itself to the

mountain faces. In some places, particularly in the Austrian Alps,

he found that he could get a very fair line on the narrow gauge

at a moderate cost, with sharp curves, where it would be commer-

cially impracticable to take a 4 ft. 8^ in. gauge line with curves of

1 chains radius. The real question appeared to resolve itself into

this :—Was the 5 ft. 6 in. gauge in India made the most of, or was

it not to a great extent wasted, and therefore superfluous ? Which
meant, could not the same-sized vehicles which were now placed upon

it, be equally well carried upon a narrower gauge ? In Canada,

on the Toronto Grey and Bmce railway, vehicles having bodies

8 ft. 6 in. wide, precisely the same width as the Indian vehicles,

ran with perfect security upon a gauge of 3 ft. 6 in. At Festiniog,

there was a 2 ft. gauge, carrying trains safely round very sharp

curves, having a very great super-elevation of the exterior

rail. The vehicles had bodies of 5 ft. 6. in. width, and even 6 ft.

width, or three times the gauge. In America, the Pullman cars

were 11 ft. 3 in. wide on a 4 ft. S\ in. gauge; and on some English

railways, carriages 9 ft. 6 in. wide were used with perfect safety.

Hence it was clear that the vehicles might be safely made more

than twice the width of the gauge without any great reduction in

the size of the wheels. Such being the case, it was manifest that

the Indian vehicles should be made at least 11 ft. wide ; but if this

were done, they would become so bulky and ponderous as to be

tiseless, and would give greater disproportion of dead weight to

paying weight than they did at present. Hence, it appeared to him
that the Indian gauge was a mistake, and the sooner it was altered

the better. To eftect such an alteration would, however, require time.

Supposing it to be spread over from ten years or fifteen years, the

Eussians would not very likely be in a position to invade India

before the alteration was effected. It was not possible for him,

without special data, to give an estimate of the cost of the change,

but he could not avoid commenting on Mr. Fowler's estimate of

£52,500, or £500 a mile, for the conversion of the 105 miles from

Kotree to Kurrachee from 5 ft. 6 in. to 3 ft. 6 in. He had received a

letter from Mr. W. G. Owen, M. Inst. C.E., the Engineer of the

Great Western railway, dated 27th February, 1873, in which he

said, writing of the cost of converting the gauge of an ordinary

railway simply laid on cross sleepers :
—" I should think about

£100 a mile single would be a good allowance, including such small
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stations as you miglit have to deal with ;" and Mr. F. Fox, M. Inst.

C.E.— the Engineer of the Bristol and Exeter railway— also wrote

to Mr. Grover, saying that he estimated £100 per mile for the

alteration of a single line from the 7 ft. gauge to the 4 ft, 8|- in,

gauge, not including the parts through the stations ; the costs of

altering the line through the stations he put at £160 per mile.

The actual cost of altering one hranch line laid on cross sleepers

was only £71 per mile ; and he summed up by saying that, " at the

present prices, £160 to £180 a mile of single line would be a fair

estimate for converting a 7 ft. to a 4 ft, 8J in.-gauge line." The
change of rolling-stock was of course a serious diflSculty, and that

of the engines was still more so ; but the Bristol and Exeter Eail-

way Company had been for some time having both engines and
rolling-stock so constructed as to be convertible. The Chairman
of that railway, in his last Eeport, observed that " the whole cost

of converting the line would be £31,000," or, on 151 miles of double

and single line, about £205 per mile. He also stated, that " at that

moment they had 300 wagons, convertible at a cost of £3 to £5
each. They had three narrow-gauge engines, and eleven, either

convertible or being constructed to be convertible, some of which

would cost £50 each to convert, some £250 each ; some of the

shunting engines, £100 each."

If during the next ten years, or fifteen years, the rolling-stock

and engines of the Indian lines were so built as to be convertible,

or, indeed, if the broad gauge was transformed into the narrow
gauge by degrees, the expense of the alteration might bo ren-

dered very small. For the sake of argument, he would assume that

the conversion of the Indian single lines, on cross sleepers, would not

exceed the cost of that of the double lines of the longitudinal system

of the Bristol and Exeter railway, and that if £205 were enough
for the latter, it should suffice for the former ; always bearing in

mind that the change must be spread over a period of years. If

it were assumed that Mr. Bruce was correct, and that the saving-

effected by the adoption of the narrow gauge would be at the rate

of £200 per mile only, there would be nearly enough saved out of

every new mile of narrow-gauge line built in future to alter

one raile of the 5 ft. 6 in. gauge. The Author assumed that

5 miles of 5 ft, 6 in. gauge could be altered for the saving effected

by constructing one mile on the narrow gauge. If that estimate

was correct, by the time 1,000 miles of new narrow-gauge line

were built, the whole of the existing gauge might be altered. Mr.

Grover's impression was, that the average saving of the 3 ft. 6 in.-

gauge lines over those of the 5 ft. 6 in. gauge would be found to be



398 STATE EAILWAYS OF INDIA.

about £500 per mile for a single line in a country presenting a

slight amount of topographical difficulty ; and that the general cost

of converting the Indian lines from the 5 ft. 6 in. gauge to the

3 ft. 6 in. gauge, spread over from ten years to fifteen years, woxild

be—including allowance for stations, engines, and rolling-stock

—

from £300 per mile to £352 per mile. But, without acquaintance

with India, it was not possible to give an estimate which could

be received as universally applicable.

Ml'. Joseph Mitchell, in an authorized communication through

the Council, stated some facts which had come under his observa-

tion, as Engineer to the Dingwall and Skye railway. That line

extended from the main through-lines on the Moray Frith, on the

east coast of Scotland, to Strome Ferry on the west coast, a dis-

tance of 53 miles. The object of the line was to connect the west

coast and the islands of the Hebrides, with the east coast. But,

as it passed through a thinly-peopled and pastoral district, it was
necessary that the works should be constructed with the utmost

economy. Mr. Fowler, who was a large landed projorietor in

that district, was a Director, and Mr. Mitchell's late partnei",

Mr. Murdoch Paterson, was instructed to take in offers for a

8 ft. 6 in, gauge. The following data were furnished for his

guidance :
—" Gauge, 3 ft. 6 in. from centre to centre ; rails, 45 lbs.

per yard ; chairs, none ; rails to be fastened by keys, as in Ger-

many and France ; ballast, 15 in. deep ; excavations, embankments,

bridges, &c., to be reduced accordingly ; sleepers, 7 ft, by 8 in,

and 4 in,, half covered, 3 ft. apart from centre to centre. When
saving can be made, curves of ten chains radius to be adopted,

and gradients of 1 in 50 to be adopted, wherever a saving can be

made by the alteration. The weights to be calculated for bridges

will be tAvo-thirds per lineal foot of the calculations for the 4 ft,

8^^ in, gauge. No dressed stone to be used unless absohttely

necessary," A line of 4 ft, S^ in, gauge was ultimately deter-

mined on, and it consisted of sleepers, chairs, and ballast of

the ordinary size and strength for that gauge, with works of

the most substantial construction, the rails 70 lbs. per yard, the

whole capable of sustaining the Highland Company's heaviest

engines, with curves, which were very few, of 15 chains radius.

As economy was of the greatest consequence, Mr. Paterson drew

up the specification and schedules with great care, advertised the

works, and received tenders from ten different contractors. The
lowest, from a most respectable firm, was—for the 3 ft, 6 in.

gauge, £2,860 per mile, and for the 4 ft. 8^^ in. gauge, £3,920

per mile, making a difference in cost of £1,060 per mile. The
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Directors, after due deliberation, and considering that their goods

traffic would he heavy trains of cattle, sheep, wool, and fish,

preferred rather to encounter the extra expense of £1,060 per

mile, and to adopt the 4 ft. 8^ in. gauge, than to he subjected

to the inconvenience and annoyance of a break of gauge at the

junction of the main through lines. The line had been completed,

including land and every expense, at a trifle over £5,000 per mile,

and had been opened for two years. He never heard a complaint

or any regret that the 4 ft. 8^ in. gauge had been adopted.

Although a great advocate for the narrow gauge, the Duke
of Sutherland, on his extension railway—through his own county

to the extreme north at Wick and Thurso—84 miles in length,

had felt it prudent to use the 4- ft. 8^ in. gauge, on the ground

that it was an extension of the main through line, and that it was
objectionable to have a break of gauge.

Colonel J. T. Smith, E.E., F.E.S., in an authorized communication

through the Council, stated that the question of the relative amount
ofthe working expenses on the different gauges had apparently been

passed over by nearly all the speakers, possibly on account of its

obscurity, and of the difficiilty of procuring the necessary data for

comparison. It appeared to him that the comparative working costs

of the two lines were quite as important as their comparative first

costs. The necessity ofnot burthening the Indian revenue had been

urged ; but it was not the first cost which burthened the revenue,

—that would be borrowed in any case— but it was the interest of

the first cost, added to the current expenses of working the lines,

which was the real charge on the current revenue.

If the cost of the whole programme of the Indian Government
were assumed to be £60,000,000, and the interest £3,000,000 per

annum, the working expenses, when the lines were developed, might

approximately be taken to be equal to the latter sum, and ought

not to exceed it ; the whole current outlay to be met by receipts

being £6,000,000 per annum. But if it were the fact, that the

working expenses of the proposed narrow-gauge lines were, by any

possibility, double that of the standard-gauge lines, it was clear

that the demand upon the current revenue would be exactly the

same as if the railways cost £120,000,000, instead of £60,000,000;

and in the same way in proportion to any other excess. Hence the

working expenses were of fully as much importance as the cost of

construction. They were, indeed, more so, if the interests of com-

merce, as well as those of the Government Treasury, were duly

considered.

The difficulty of obtaining data for comparison, as to the working
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expenses of the several gauges, arose out of the want of a sufficient

number of examples of each kind, which would be, in all respects,

under equal conditions. There were a number of standard-gauge

railways, in Great Britain, which might be safely taken to be well

made, maintained, and managed, and under equal conditions, as to

the prices of materials and labour, but there were not an equal

number of narrow-gauge railways to compare with them. The
narrow-gauge lines of foreign countries, even if it were granted that

they were equally well constructed and maintained, could not be

used for purposes of comparison, nor could the working expenses of

tramways, or hastily and cheaply built contractors' lines, be taken

as a basis. The only example he was aware of was the Festiniog

railway. That line was well constructed and maintained, and had

been worked under similar circumstances to other British lines, in

respect to the prices of materials and labour. There was ample

information regarding it, and it was acknowledged and appealed

to as a specimen of the system. He did not propose, however, to

argue that the results shown by the Festiniog line, and which

would be found unsatisfactory, fairly rei^resented the necessary ac-

companiments of the narrow-gauge system. He should consider

it unfair to erect a general principle upon a single instance, how-

ever unexceptionable it might be. All he wished to deduce from

the information which that railway supplied was, that there was

prima facie evidence to show the probability of there being extra

expense in working narrow-gauge lines ; and that, considering the

equal or even greater importance of that feature of the sj^stem,

it was of great importance that it should be thoroughly investi-

gated before a decision was arrived at.

Most of the facts connected with the working of the Festiniog

line were given in Mr. Spooner's work entitled " Narrow-gauge

Eailways," published in 1871. First, in regard to fuel, at page 23,

it was stated that the consumption up to that time had amounted to

"a little over 50 lbs. per train mile, or about double that of an

ordinary well-proportioned passenger-engine." Explanations were

given to account for that apparent waste ; but when all the circum-

stances of the case were considered. Colonel Smith thought it would

be found that no allowance need be made. The consumption of

50 lbs. per train mile was 24 per cent, beyond that of the Madras

railway during the first half of 1872, although that line had long

and steep gradients. Its cost, also, which was at the rate of 4* 96c?.

per train mile, was 59 per cent, beyond the average charge reported

on twenty-four of the principal British lines.

In regard to working exjDenses, there had been an official state-
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ment made in March, 1871, by Mr. Guilford L. Moleswortli,

M. Inst. C.E., now Consulting Engineer for State railways to

the Government of India—after a careful analysis of the facts

—

that the working expenditure per train mile was " nearly double

that of the average of English railways, and more than three times

as much as that of some Irish railways, on which the rates of

labour would probably more nearly resemble those of a remote

Welsh district like Festiniog."

Another comparison was afforded in Mr. Spooner's work, page 39,

wherein a statement was given of the expenses of working, per train

mile, of four English lines and of three Indian lines, as well as of the

Festiniog line. The last was stated to be 4 • 6s. per train mile ; and

the average of the four English lines was 2- 773s. per train mile
;

the Festiniog line being thus nearly 66 per cent, in excess. Colonel

Smith had made a similar calculation of the working expenses of

six leading English lines for the first half-year of 1872, which

gave a more unfavourable result. That was the more remarkable,

as the Festiniog line was worked under some considerable advan-

tages as compared with others. It was maintained in excellent

working order, and the speed was limited to 12 miles per hour.

Three-fourths of the gross traffic—namely, that for the downward

journey to Port Madoc—was moved by the force of gravity ; the

remaining fourth, however, being subject to extra haulage, owing

to the excess rise in the gradients. The freight was of an excep-

tionally compact kind, and the trains were completely filled.

Admitting that, on closer investigation, much of the apparent

discrepancy between the working expenses of the Festiniog line and

of the standard British lines might be accounted for, there never-

theless seemed to be strong presumptive ground for the belief that

there was more or less inherent disadvantage in the system. An
increase of only one-tenth in the working expenses of the railways

constituting the programme of the Government of India would

produce an equally onerous burthen upon the finances of the em-

pire as an extra outlay of £6,000,000 ; which amount was probably

more than the saving in first cost which the advocates of the

narrow-gauge system would now lay claim to.

Were the discussion confined, as he thought it might be, to a

comparison of the employment of vehicles of precisely the same

dimensions, namely, those now proposed for the narrow gauge, and

almost exactly the same weight, adapted to light rails, set in the

one case at 5 ft. 6 in. apart, and in the other at 3 ft. of in. apart,

the conclusion arrived at would be, a slight saving in the first

cost of the narrower line, and an equal or greater saving in the

[1872-73. N.P.] 2 D
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working expenses of the broader line, upon which the same-sized

carriages would run more steadily, and there would he room for

the employment of more effective and economical engines.

One of the strongest arguments in favour of the narrow-gauge

system was, the ' handiness ' of the stock and engines, and their

suitability for a small traffic, such as was met with on first

breaking ground in a new district. But as there was no real

difficulty in constructing narrow-gauge stock to run upon rails

6 ft. 6 in. apart, it might perhaps meet the views of the Government
of India, under the present circumstances, to lay down and equip

the projected lines with light rails, 5 ft. 6 in. apart, and a permanent

way able to bear the rolling-stock of the larger lines, together with

light vehicles which would be able to traverse all the main lines.

When the traffic of the district was so far developed as to require

more accommodation, the light rails and vehicles would be pushed

forward to form branches, and their place would be taken by rails

and vehicles of larger dimensions.

It had been more than once stated, in the course of the discussion,

that the existing guaranteed Indian lines had proved to be a

commercial failure. He trusted that, before many years had

passed, that would be found to be a premature decision. Eailways

in India had to create trade, as well as to minister to it, and they

therefore required a long time for their due development. The
lines, to which the statement applied, were only recently finished,

and none of them were fully developed ; nevertheless, one or two
lines had already reached the return which was assumed as consti-

tuting success, and they had divided, with the Government, a

surplus revenue.

A statement had been made, by one of the highest authorities,

that during the last fifteen years an increase had taken place in

the Indian revenues, in a great measure attributable to the rail-

ways, to the extent of £20,000,000 sterling per annum. If only a

moiety of that annual gain was credited to them, it could hardly

be considered an unsatisfactoi-y return for the advances out of the

Indian treasury, which, up to the present date, were reported to

be in the aggregate less than £20,000,000 sterling.

Mr. William Dknnis, by permission of the Council, and through
the Secretary, stated, that he was constructing a railway in the

West of England, on the original broad gauge of 7 ft. ; and, having
all the quantities and prices of the work in great detail before him,

he had gone into a calculation of the saving which would have
resulted, had the line been constructed on the narrow gauge of

4 ft. 8i in.—the difference between these gauges being almost
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identical with the diiierence between the metre gauge and the

5 ft. 6 in. gauge. A summary of the results was given in the

tabular statement on page 404.

It gave the comparative cost of a broad gauge (7 ft.) railway,

and of a narrow gauge (4 ft. 8;5 in.) railway, through a moderately
ensy countrj', permitting the use of curves of a minimum of 20

chains radius, both lines being built to sustain an equal rolling

load. The quantities and prices were taken from working drawings
and contract schedules. The length of the line was 8 miles. The
works and way were for a single line.

As affecting the value of the comparison, it would be noticed

that the railway was one of only average difficulty ; traversing a

fairly open country, where nothing would be gained by the em-
ployment of curves of less than 20 chains radius. In his calcula-

tions he had taken the same weight of rail, the same depth of

ballast, and the same scantling of sleepers, reducing the length of

the latter from 11 ft. to 9 ft. Under the circumstances, he found
the saving which would have resulted from the use of the 4 ft.

81 in. gauge amounted to £334 per mile, or about 5J per cent, on
the cost of the 7 ft. gauge.

Mr. Edward Woods, by permission of the Council, and through
the Secretary, stated that he had no local acquaintance with India

;

but having been connected with railways, in many parts of the

world, for nearly forty years, he was enabled to speak with con-

fidence on the general questions under consideration, more especi-

ally as he had had much experience in the construction of railways

of various gauges, and of the rolling-stock to correspond. The
railways he referred to were of the gauges respectively of4 ft. Si in.,

5 ft. 6 in., 3 ft. 9 in., 3 ft. 6 in., 3 ft., and 2 ft. 6 in., besides some
tramways of even smaller gauge. :_ 'i.

In the commencement of the Paper the following passage

occurred :
—" Now that, cceteris paribus, a narrow-gauge railway

must be cheaper than a broad-gauge railway, would, as an abstract

proposition, seem to be also a self-evident one. It may indeed be

objected, as it has been by a high authority, that the elements

which determine the cost of a railway are the size and the weight
of the vehicles to be used upon it, and that it is equally possible

with the same gauge to use either broad or narrow, heavy or light

A'ehicles; and doubtless it would be possible, by furnishing a
narrow-gauge line with heavy rails and other constituents, and
with broad vehicles, to cause the cost to exceed that of a broad
gauge with light rails and nairow vehicles. Practically, however,
the broad gauge is never adopted except when broad, heavy vehicles,

2 D 2
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Remarks.
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nor the narrow gange, except when comparatively narrow and
light vehicles, are intended to be used ; and in any comparison of

the two gauges this intention may always fairly be assumed."'

Mr. Wood would premise that the preliminary propositions laid

down by the Author were substantially without foundation in fact.

It had been the duty of Mr. Woods, in certain cases, to construct

narrow-gauge lines, which, from the nature of the traffic to be
provided for, had necessarily been more costly than broad-gauge
lines would have been.

From the observations made by Lord Lawrence, it would be
assumed that he entertained the belief in the proposition laid

down by the Author, a proposition accepted by all the speakers

who had followed on the same side, namely, that the cost of lines

might be computed to be in proportion to the width of gauge.

Mr. Woods could not but believe that this fallacy had underlain the
decision of the Indian Government to adopt the metre gauge. lie

also considered that a mistake was originally made, by the Indian

Government, in sanctioning the formation of lines equal, and even
in some respects superior, in point of construction and equipment,

to the first-class English railways. 'By the establishment of a

wider gauge than was necessary, even in England, a very large

and unnecessary outlay had been occasioned.

An entirely contrary policy had prevailed in respect to the rail-

ways of the United States and of the Spanish Eepublics of the South
American continent. The railways in those countries had, for the

most part, been made at much less than half the cost of the Indian

lines. They were, nevertheless, well adapted to the requirements

of the traffic, and their gauges varied from 4 ft. 8-|- in. to 5 ft.

6 in. In the United States and in Peru the prevalent gauge

was 4 ft. 8J in., whilst in Chili and the Argentine Kepublic the

standard gauge had been fixed at 5 ft. 6 in.

In the latter country he had lately constructed a line 247 miles

in length of 5 ft. 6 in. gauge, with its sidings, stations, and

rolling-stock, for little over £7,000 per mile, with rails of 62 lbs.

per yard. Had the advisers of the metre-gauge lines in India, and
those who indulged themselves in the belief that there was neces-

sarily, and intrinsically, an important diflerence in the cost, as be-

tween narrow-gauge lines and broad-gauge lines, taken the trouble

to inform themselves of what had been going on, during the last

twenty-five years, in other quarters of the world, they would

Vide ante, p. 2\l
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scarcely have lent their sanction to the retrograde policy now com-

menced.

What had been done in regard to the maintenance of the stan-

dard gauge in the colony of Victoria had been fully explained by
Mr. W. B. Lewis. Mr. Woods had been enabled to examine the do-

cuments and evidence bearing upon the proposed change of gauge

in that colony, having been one of the Engineers who were called

upon by the Eight Hon. ]\Ir. Childers to report on the subject, and

he found, after careful investigation of the plans and sections of

the proposed line, that the Government Engineers' estimate of the

saving to be effected by the adoption of a 3 ft. 6 in. gauge in lieu of

a 5 ft. 3 in, gauge, namely, £261 per mile, was in excess, as had been

subsequently^ shown to be the case by the comparative tenders of

the several contractors. That such iaust be the case, under all

ordinary circumstances, appeared obvious, when it was considered

how large was the proportion of constant and variable expenses

;

for amongst the former were to be classed the surveys, the prepa-

ration of plans and sections and specifications, the preliminary

expenses, the compensations to be paid to landowners for severance,

and as regarded the works, fencing, retaining walls of embank-

ments, the wing walls of bridges, the fronts of culverts, level cross-

ings, signals, telegraphs, and permanent way; for he held that,

given the dimensions of the vehicles, and the weights they were

required to carry, those being the elements which should determine

the width of gauge and also, indeed, the width of the bridges and

the tunnels, the cost of permanent way and ballast would be nearly

the same on gauges of 3 ft. 3 in., 4 ft. 8-| in., or 5 ft. 6 in., whilst

the variable elements incidental to the difference of gauge consisted

of only a small slice of land, another of earthwork, and of culverts

and under-bridges corresponding with that difference of width.

The attempt to reduce expenditure by changing the width of

gauge in India, and by introducing breaks of gauge, was essentially

a retrograde movement ; for the object sought could be attained

as easily, and with far less inconvenience, by returning to the

practice of former years, when lines and rolling-stock in England

were of light construction. Mr. Harrison had given the results of

his experience on that head. Mr. Woods might also refer to his

own experience on the Liverpool and Manchester railway, where

during the first ten years of its existence a very large traffic was
carried over rails of only 35 lbs. per yard by engines not weighing,

on an average, more than 10 tons each. Those weights of rails and

of rolling-stock were inferior to what were now proposed for the

metre-gauge lines of India.
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The Author had based his justification of the metre gauge solely

on the supposed saving in first cost. He had omitted to take into

account the additional cost in working, which such a change
would involve; for it was clear that a much larger number of

wagons, carriages, and engines would be required to transport

a stated amount of traffic, giving rise to a corresponding increase

in wear and tear of moving parts, such as wheels, axles, axle-

boxes, and springs, and to much additional labour in handling, at

the stations, and also the fact that the trains must be more nume-
rous and the train-mileage proportionally increased.

In the course of this discussion it appeared to have been supposed

by some of the speakers, that the alteration, by the Great Western
Eailway Company, of their broad-gauge (7 ft.) lines into narrow-
gauge (4 ft. 8.V in.) lines, was to be received as conclusive proof of

the superiority of the narrow-gauge over the broad gauge, and hence
the inference that advantage would be gained by still further nar-

rowing the gauge ; but it was well known that this change had
been made solely for the purj)ose of removing the pressing evils

incidental to the breaks of gauge, so fully ex^^lained by Mr. AUport.

The broad gauge had given way to the narrow gauge, because the

extent of narrow-gauge lines was so greatly in excess over that of

the broad-gauge lines ; and because it would, in most cases, have
been physically impossible, by reason of the insufficient widths of

tunnels and bridges, to have converted the narrow-gauge lines into

broad-gange lines, even if otherwise desirable.

As regarded the evils incidental to breaks of gauge, he could con-

firm all that Mr. Allport had said. Since the break of gauge was
first established at Gloucester, and afterwards came into play at

other points where the two systems met, Mr. Woods had watched
its working, and he did not hesitate to express his belief, that the

repetition of such a policy, in regard to the arterial lines of India,

would retard the development of the resoui-ces and the trade of that

great empire, and effect an injury so great as to be out of all pro-

portion to the slight saving to be effected, by filling up the con-

necting links of the great chain of communications between
Kurrachee and Peshawur with lines of the metre gauge.

General Sir Lintorn Simmons, E.E., K.C.B., by permission

of the Council, and through the Secretary, said, that having been
an Inspector of liailways at the time of the great war of the

gauges, he could not conceive how any one could have arrived at

the estimate of £1,000 per mile, as the difference of cost between
two railways identical as to their powers of conveying traffic and
in every other respect, except as to gauge. This, which was the
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only ground upon which the Author, as the mouth-piece of the

Indian Government, had based his argument in favour of a change

of gauges, had been entirely disposed of by the statements of

Mr. Harrison, Mr. Hawkshaw, and JMr. Bidder. General Simmons
believed the estimate of Mr. Fox, that there would be a saving

of £200 per mile, was much nearer the truth. General Strachey's

argument, that the question was only capable of solution by those

who had lived in India, and who were, therefore, conversant with

the peculiarities of the country, sounded strangely after a state-

ment of the case for the Government, in which the Author based

his calculations on reports and estimates by Mr. Fowler and by
Mr. Hawkshaw.
The question was not one of the abstract merits of the two

gauges. If there were no railways in India it might be an oj)en

question, whether the 5 ft. 6 in. gauge, or any other gauge, should

be adopted; but now that 5,000 miles were in operation on the

5 ft. 6 in. gauge, the question was, as the Author had put it,

one for the comparison of prime cost, in conjunction with that

of the relative expense and inconvenience of working the two

gauges.

The cost of construction having been disposed of, there remained

the cost of working. On this there could be little doubt that two

otherwise identical railways would, as Mr. Fox had stated—as the

result of his Canadian experience—be worked without any appreci-

able difference of expense, either in haulage or maintenance. As to

the inconvenience and difficulties occasioned by a break of gauge,

they were far more serious than the Author had any idea of. It

was not a question of break of gauge merely at one or two

points in the Punjab, but at every point at which the 10,000

miles of railways, the construction of whicfh was contemplated,

would come in contact with the 5,000 miles of existing rail-

ways. It was impossible to foresee the number or position

of the points of junction, but each would involve a break of

gauge and a multiplication of the difficulties of which, in the

Paper, account was only taken at two or three stations in the

Punjab. The estimate of the inconvenience at these stations was
also taken inordinately low. Thus, for instance, the total traffic

passing through Lahore in 1870-71 was stated to be 526 tons. The
Author said :

—" Supposing that, on the completion of the Lahore

and Peshawar railway, these quantities will be doubled—be-

coming a total of 1,052 tons." How did this estimate agree

with the experience gained in England, where it was well

known that the traffic taken on the best roads, and proved
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before Committees of both Houses of Parliament in support

of railway Bills, had not onl}^ been doubled, but had been mul-

tiplied a hundredfold ? If this were the case in a country like

England, abounding with excellent roads, it stood to reason that

the ratio of increase must be far greater in a country where pre-

viously existing roads were not so good ; and it could not be con-

ceived how the Author, or the Indian Government, could accept

such a meagre measure of the increase of traffic due to such an im-

proved means of transit. It appeared simply monstrous, that such

an estimate should be taken as a liberal measure of the increase

of trade, to be brought about by the introduction of railways into

a populous country, hitherto devoid, to a great extent, of any
good means of communication.

The commercial estimate of the inconvenience of the break of

gauge was, however, a small matter compared to the military

aspect of the question. As a soldier. General Simmons protested,

in the strongest possible way, against the low estimate of incon-

A^enience caused by a break of gauge in, what would become, the

great strategic lines of communication throughout India. Here
again the Author did not appear to have grasped the importance

of the question. It was not merely the delay and difficulties

which would be caused by changes at Mooltan and Lahore, which
had to be considered, but those which would occur at every station,

throughout India, where the two gauges would meet. Much had
been said recently of the Central Asian question and of the possi-

bility of Russia attacking our Indian possessions, which the

Author instanced as one of the only conceivable contingencies in

which the presence of larger masses of troops could be required in

the Punjab, all of which contingencies he said could not fail to

cast their shadows before them. Now a more dangerous line

of argument could not be conceived. General Simmons was one

of those who did not believe that a direct attack from Eussia was
by any means the greatest danger which could happen to the

Government in India ; but when attention was directed to the

greatest miracle of this present wonderful age, the fact invariably

started up that a small island, in Europe, was holding in subjection

a population of 200 millions—nearly equal to the whole popula-

tion of Europe—including some of the most warlike people in the

world, by a pigmy force—relatively to the stake at issue—of about

60,000 British soldiers, backed it was true by native troops, but

the fact was undeniable that the mainstay of the British power in

India was this small and, numerically speaking, insignificant Bri-

tish force. Some persons, who knew India, were of opinion that
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the natives were so severely punislied at the time of the Mutiny,

and so tlioroughly disarmed, that they were not likely to rise again

and to attempt to overthrow the Government. This might be

true in the present generation, but this legislation as to railways

was for all time, and no man could say, at the pace at which the

world was now moving, how long it might be before some of those

natives might be ready to move again. It was tr^^e they had
little or no artillery, and it might be possible to prevent them
from acquiring any, but no power could prevent them from

acquiring rifles ; and in these days of telegraphs, perfected postal

arrangements, railways and better education, combinations which
were formerly impossible became comparatively easy, and there

could be no doubt that rifles in great numbers woiild more than

counterbalance a deficiency in artillery. The native army was
now nearly as large as it was formerly, and who could say

whether in a few years, as the effect of the putting down of

the late Mutiny wore off, that the native army would always

remain faithful to the British Government, and would not again

rise in mutiny against it ? If such contingencies were possible,

and the most decided optimist could scarcely gainsay their

possibility in a future generation, what was the greatest danger

that the present or some future generation might have to

encounter in India ? The greatest danger to which British

power in India was exposed was within our own frontiers ; it

might he fomented by a foreign power, but, however brought about,

it would be within our own territory. What then should be the

military policy ? To have the trooj)s well in hand, and ready to

strike hard at any point which might be threatened with dis-

turbande. Delay would, as in the case of the late Mutiny, add to

its violence, and hence the necessity of being able to send forces in

any direction, and possibly in more directions than one at the

same time, without the least hesitation, to stamp out the S2:)arks of

disaffection before they burst into flame.

Suppose for an instant that a rising were to take place in the

Punjab, and that the Sikhs got possession of, or destroyed the

rolling-stock of the Punjab railways, what would be the effect

on the movement of British troops into and through the Punjab,

if they had nothing but broad-gauge stock available ? or vice versa,

if the people south of the Indus got possession of the broad-gauge

rolling-stock, what would be the effect upon the movement of

troops from the I'unjab upon Delhi? This difficulty would be

equally felt all over India, wherever troops might have to be

moved, north, south, east, or west, and wherever a junction occurred
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between the 5,000 miles of existing railwcay, and the 10,000 miles

of contemplated railway. There could not be any doubt that by
constructing 10,000 miles of railway on the metre gauge, to supple-

ment 6,000 miles of already existing lines on the 5 ft. 6 in.

gauge, the military force in India would be deprived of half its

eflScacy.

There was some experience, as a guide in these matters, although

it was difficult to estimate its full im2:)ortance ; but recentlj^ a

million of men had been seen invading a foreign country, and an

immense army supported for months, while reducing its capital, in

a way which would have been utterly impossible without the aid

of railways. The difficulties of those operations were greatly

enhanced at times by obstructions in the railways. If the fortress

of Toul had been able to hold out, the obstruction to transport

caused by a break in the line from Germany to Paris, added to an
injured timnel, would have made the operations before Paris much
more difficult, if not impossible, and, in fact, the destruction of a

viaduct near Xancy, a few days before the capitulation, produced

the greatest inconvenience to the German army. Now an in-

terruption of this nature was very little more serious than a break

of gauge ; and if the opinion of the German generals could be

taken, they would no doubt bear testimony to the enormous advan-

tage they derived from being able to make use of German rolling-

stock on the French railways, in addition to the immense quan-

tity of rolling-stock which they captured on the French lines.

From the quantity of German railway stock which General

Simmons had seen on the French railways during the invasion, he

doubted whether it could have been carried out so rapidly and

efficiently as it had been if a break of gauge had intervened to

prevent the use of the German carriages.

It would be said, and in fact the Author did say, that large

bodies of troops would not require to be moved; but the camp
followers, who were essential to the existence of an army in India,

were well known to be as numerous, or even more so, than the armies

themselves, and those camp followers had all to be fed and cared

for, as well as the actual combatants. Therefore the arrangements

must contemplate large numbers, all of which should bo moved
and supplied with a regularity of which clockwork was but a

type, and, in order to be effective, with the greatest possible speed.

The operations of an army' in war time included, in addition to

the supplies, the removal of the sick and wounded, whose sufferings

a break of gauge might greatly aggravate. The German wounded
were taken many hundred miles into the interior of their own
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country, without being moved from the carriages— expressly fitted

in Germany for the purpose—in which they were placed almost on

the fields of battle. In India, also, where appliances for the pre-

servation of food did not abound, the power of bringing up live

stock to feed the British soldiers, who were accustomed to fresh

meat, would be greatly interfered with, wherever a break of gauge

intervened ; as also the supply of horses, and all stores, whether

warlike, clothing, food, or whatever their nature might be.

What then must be thought of estimating the military incon-

venience of making 1 0,000 miles of the metre gauge in all parts of

India, by disposing of it with a remark, that a regiment could be

shifted from one train to another in half an hour? a statement

which in itself was totally devoid of proof, and was contrary to the

experience of every man who had ever seen a regiment equipped

for active service.

If a break of gauge had existed on the lines in Germany, the

army, instead of taking less than three weeks from the first order

for its mobilization, until it had concentrated and struck its first

blow on the soil of France, on the 4th August, 1870, followed by

two others on the 6th, which might be said to have almost settled

the issue of the campaign, would have been crawling along in the

interior of Germany, changing from train to train, and assembling

behind the fortresses of the Ehine for another fortnight or three

weeks, during which the Ehine provinces might have been over-

run, and possibly a blow might have been struck at the South

German states.

Under such supposed circumstances the trifling saving of ex-

pense arising from the mixture of gauges would have been more

than a hundredfold repaid by the misery and ruin wrought iipon

the country. It was spared such a disaster entirely through the

concentration of the army, which was only possible with con-

tinuous and unbroken lines of railway.

It was objected that the broad-gauge rolling-stock, now existing

in India, could not traverse light broad-gauge railways, constructed

as the lines on the metre gauge were to be, with light rails. That

was a fallacy as regarded all the stock— except, perhaps, the engines

—and even the greater part of those engines might traverse them

at slow speeds— but as traffic increased, by the natural law of de-

A'elopment, which invariably followed the introduction of improved

facilities for transport, the light rails ^'ould be replaced by heavier

rails, and then the objection would disappear. On the contrary,

when the light rails, now proposed to be laid, on the metre gauge,

came to be replaced by heavier rails, where would be the estimated
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economy of construction? and tlio interchange of rolling-stock

would l>e impossible.

A break of gauge could no more continue for ever in India than

in England. The time would come, therefore, if those 10,000 miles

of railway were made on the metre gauge, when the 5,000 miles of

existing lines would have to be altered, the expense of which must

be set off against the anticipated saving. This unification of the

gauges might be deferred for many years, but what dangers might

not occur in the meanwhile ; and during all those years the British

policy would be cramped and the hold of the country weakened

by a policy which, for a paltry saving, would have deliberately de-

prived the British Government in India of a very large proportion

of its power and strength.

Mr. E. W. Young, by permission of the Council, and through the

Secretary, stated that he had superintended the construction of a

railway of 3 ft. gauge in Nova Scotia, and his experience had much
impressed him with the capabilities of narrow-gauge lines. 'J'he

railway to which he referred was constructed for the Glasgow and

Cape Breton Coal and Eailway Company. It was about 18 miles in

length, exclusive of branches, and had been built to carry coal from

several new mines. The rails weighed 50 lbs. per yard, the ruling

gradient against the traffic was 1 in 100, and with the traffic

1 in 75. The wagons weighed about 1 ton 18 cwts. each, and the

break wagons about 2 tons, carrying 4 tons of coal. These wagons

were somewhat heavier than an ordinary freight wagon, in con-

sequence of a peculiar structure, which had been adopted to enable

coal to be shipped with rapidit}". The Fairlie engines, which were

used, would each take a train of 35 cars, weighing about 207 tons,

up the gradient of 1 in 100 at 10 miles per hour with a pressure of

only 100 lbs. of steam. As they were warranted capable of

working up to 140 lbs. of steam, their power must have been still

greater, the adhesive power of the engine being not far from 4 tons.

The sharpest curves— in or close to stations — were 5 chains radius.

He had frequently seen a train of empty wagons —which were

more likely to get off the rails than when they were loaded

—

occupying with the engine nearly a whole quadrant of a circle,

pushed up a gradient of 1 in 75 along a curve of 5 chains radius,

there being no guard rail, at the rate of about 6 miles per hour.

The running of the engine and its train was remarkably smooth
;

the train, as seen from the engine, when running along a piece of

straight line, generally appeared like a rigid structure.

These facts were sufficient to show the great capabilities

of a 3 ft. gauge, and would, he thought, prove that lines of the
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metre gauge were perfectly capable of carrjnng all the traffic that

they were likely to be called upon to accommodate, iu India,

for the next few centuries. It w^as argued by the opponents

of the metre gauge, that light railways on the broad gauge

could be made at a cost not much in excess of that of the narrow

gauge, and that the estimates, put forward by high author-

ities, of the saving expected to be realised by the adoption of the

metre gauge were fallacious. In answer, it might be said, that even

if the same weight of rail were used in both cases, the saving in

first cost was quite enough to make it profitable to adopt the

narrow gauge—in spite of the break of gauge, and withoiit

reckoning the great advantages of a lighter and handier rolling-

stock. But it was not necessary to enter minutely into the matter,

to understand that the working expenses and the cost of repair-

ing would be greater on a light broad gauge than on a narrow

gauge ; for the injury to a light permanent way under traffic of

wagons weighing 12 tons each, or thereabouts, when loaded, must

be far greater than with double the number of wagons weighing

only 6 tons each. Even the engines on the broad gauge, if of the

same power as those on the narrow gauge, must be somewhat heavier.

As the traffic in India was certain to be light, there must be a con-

stant running of partially-loaded wagons. The greater the capa-

cities of the wagons the more unprofitable dead weight was likely

to be carried. On the other hand, to make the capacity of the broad-

gaiige w^agons only equal to that of the narrow-gauge wagons would

involve a great waste of material, the wagons would be nearly all

' underframe,' and their weight much greater than that of the pro-

perly proportioned wagons of the narrow gauge. In short, it

appeared evident that any attempt to rival the narrow gauge, with

its permanent way and rolling-stock properly proi^ortioned to one

another, by an emasculated broad-gauge system, miist be a

failure.

The injurious effect of a break of gauge was another objection

urged against the proposed introduction of the narrow gauge,

and the case of the English Great Western railway was cited.

But the cases were entirely different. In the one case the traffic

was heavy and the lines short, in the other case the traffic was
light and the lines long. The trivial character of this objection

would be seen, when it was considered that in America there were

many diff"erent gauges, and in some cases railways had been made
purposely of a gauge different from those with wdiich they were

connected. Moreover, it was possible to alter the gauge of the

existing lines at a futiire time ; and this wan now being done to
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the extent of thousands of miles in C'anada. During the change,

a third rail, or intermediate rail, could be laid down, which, however,

he thought would he found to ho unnecessaiy.

Another objection insisted upon against the metre gauge, espe-

cially with reference to the Indus Valley line, was, that its carrying

capacity was so small, that in the event of a war with Eussia it

would be impossible to bring up troops and munitions of war with

sufficient rapidity, from the coast to the interior. The answer to

that objection, and, indeed, to all objections against the carrying

capacity of narrow-gauge lines was, that in one sense carrying

capacity might be said to be independent of gauge, but dependent

upon the amount of rolling-stock at hand. The total horse power
of the engines, and the total cubic space of the wagons, represented

the carrying power, whether the gauge was broad or narrow. With
an unlimited supply of rolling-stock an army and its ' materiel

'

could be transported with all desirable rajiidity.

The main argument in favour of the narrow-gauge system was,

that at least the same income could be earned by its means as by
the broad gauge, on an amount of capital considerably less than

would suffice to build an equal length of broad-gauge line. He
agreed with other narrow-gauge advocates in thinking, that the

percentage of working expenses on the narrow gauge would be less

than on the broad gauge, and therefore that the former would earn

the larger income.

It had been stated that the great want of India was a suf-

ficiency of ordinary roads to feed the railways. Now, although he

had no personal experience of India, he could easily imagine that

the construction and maintenance of roads in a tropical country,

with its dense jungles, alluvial plains, monsoons, and rapid growth

of vegetation, might be a very expensive matter ; and he should

not be surprised if it would be found cheaper to construct wooden
tramroads—with rails of wood faced with angle iron, or with very

light iron rails—on which the wagons of the metre gauge could be

drawn, by bullock power or horsepower, to large villages situated a

few miles away from the course of the line. By constructing such

tramroads, where steam power would not be used, the advantage

of having to provide for the transport of wagons weighing only

6 tons instead of 12 tons was very apparent.

Looking at the facts that India was not a manufacturing country,

that its population was poor, its climate enervating, its beasts of

liurden diminutive, its labouring classes physically weak, and the

loads they were accxistomed to handle small, he could not help

thinking, that if there was any country in the world to which the
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narrow-gauge s3-stem, with its light and handy rolling-stock, was

suited, that country was India.

Mr, G. G. Heppel, by permission of the Council, and through the

Secretary, said it had come to his knowledge that in the state-

ment read by Mr. Eendel, the following remarks occurred:—"A
42-lbs. rail on a broad-gauge line in India was no new thing. It

was tried on the Ondh and Eohilkund, broke down under the wagons

of the East Indian railwa}^ aud was taken up, and replaced by a

60-lbs. rail ; he knew that it was alleged that the failure was owing

to conical wheels being run on flat rails. He did not believe this

was the cause of the failure, and he did not believe that any one

here would say it was so."^

Now, as that statement was put forward by Mr. Eendel as an

argument against adopting light broad-gauge lines in India, and as

it was not strictly correct, Mr. Heppel would give the exact state of

the case.

Firstly, then, as regarded the weight of the rail. The rail used

on the Lucknow and Cawnpore branch of the Oudh and Eohilkund

railway—42 miles in length—was 36-37 lbs. per yard ; nothing

between that and the 60-lbs. rail adopted for the whole system

of the Oudh and Eohilkund had ever been used on that line. It was

of a very weak section as regarded the head, having been designed

with a view to obtaining extra strong joints, so that the rail might

be of uniform strength throughout.

Secondly, Mr. Eendel did not believe that the failure was due to

the running of conical wheels over a flat rail. There was certainly

nothing incorrect in the statement, but as he presumed that Mr.

Eendel also expected other people to be of the same opinion, Mr.

Heppel would here state that the cause of failure of this rail was

due to the fact, that the Company, not having sufficient rolling-

stock of their o\^ti, borrowed the heavy stock of the East Indian

Eailway Company, which, of course, had conical wheels, and ran it

over their rails, which were laid flat ; this caused the rails to lami-

nate, and in some cases the heads were bent down. Added to this,

the rails were laid on light corrugated iron sleepers, which had no

hold whatever on the ballast, and they were fastened to them only

at the centre of each sleeper. The tendency of the sleeper, there-

fore, was to stretch out into a flat plate. The sleepers were i in.

thick.

He did not, therefore, think that the failure of a line constructed

with a very defective section of light rail—36 lbs. per yard—laid flat,

I Vide ante, p. 358.
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on corrugated iron sleepers, to which it was imperfectly fastened, and

run over by heavj' wagons with conical wheels, conld be taken as

a conclusive proof that light broad-gauge lines could not be satis-

factorily constructed and maintained.

He made these remarks, as the statement made by Mr. Eendel

would induce prejudice against a system of light broad-gauge lines ;

which, considering the mileage now open in India on a broad gauge,

was, as he believed, the only practical way of obtaining econom}'

in the working and maintaining of new railways. He would suggest

a rail of from 42 lbs. per yard to 45 lbs. per yard, on wrought-

iron sleepers, or, if possible, on longitudinal timber sleepers.

Mr. J. Geikeson, in a communication authorized by the Council,

and through the Secretary, stated that as the case of the Great

Western railway had been frequently referred to, it was desirable

to notice that, within a recent period, that i-ailway—exclusive

of broad-gauge lines towards Plymoxith, Penzance, &c., in which

the Great Western Eailway Company was interested with other

companies, and irrespective of narrow-gauge lines, north of Here-

ford and Wolverhampton, which it owned jointly with other

companies—consisted of 770 miles of broad gauge, 175 miles of

mixed gauge, and 455 miles of narrow gauge ; making a total length

of 1,400 miles. The rolling-stock consisted of about the same number
of carriages and wagons—exclusive of private stock. The engines

were in number equal to about five-sixths of those of all the rail-

ways in India. There were about 20 points at which the broad

gauge and the narrow gauge met, thereby rendering changes of

carriages and transfers of merchandise and minerals necessary. The
tonnage transferred in the course of a year had varied from about

600,000 tons to about 750,000 tons, and the number of cattle,

sheep, pigs, &c., 40,000 animals to 50,000 animals. It would thus

be seen that the officers of the Great Western railway had con-

siderable experience in the working of the two gauges and of a

break of gauge.

The objections to break of gauge which were most readily appa-

rent, and which had been most dwelt upon in the course of the

discussion, were the cost of transfer, the damage to the goods,

and the delay consequent on the transfer. His experience,

however, prevented him from concurring in some of the strong

statements which had been put forward upon those points. The
cost of transfer from one gauge to another under certain circum-

stances might and did become considerable, but where proper

accommodation was provided, and where no blockage took place, the

average cost of the actual transfer varied within moderate figures

[1872-73. N.S.] 2 E



418 STATE RAILWAYS OF INDIA.

which any person of experience in general business might fairly

estimate. The cost also varied with the nature of the goods

handled, whether pig iron, teas, or furniture. He might state

that in the calculations which were made for the Directors of the

Great Western Eailway Company as to the probable effect which

the alteration of the gauge in South Wales would have on the

revenue, the money value of the saving to be effected, where transfer

would be done away with, and the additional cost which would bo

incurred where new points of transfer would be created—by the

alteration of the portion of the system between Swindon and Milford

with the branches—was put down at 5(7. per ton. It would be safe,

however, on similar traffic, irrespective of damage to goods or waste

in minerals, to allow 6d. per ton.

As to the damage to goods from a transfer, which in the course

of the discussion had been stated by some speakers to amount to as

much as 2s. 6(7. per ton, his experience did not confirm so large

an amount as anything like the average cost ; and that it was not,

and could not be so great, would be readily understood, when it

was considered that the removal of goods from a warehouse to a

cart, from the cart to a railway wagon, and from the latter again for

delivery, were practically equal to breaks of gauge ; and that while

a very large amount of transfer business was carried on at all the

principal railway junctions in the country—even where the gauges

were uniform—no such damage to the goods, on an average, did

take place.

It was, of course, true, that in the course of transfer from one

gauge to another very serious damage and loss did sometimes

occur, but the average cost of the damage depended on the class of

goods to be transferred, the accommodation provided for the pur-

pose, the time allowed for the work, and the class of men employed

to perform it.

As a proof that the assumption of anything like 2s. 6d. per ton as

the value of the damage arising from transfer was erroneous, he might

state, that in 1870, about 200,000 tons—out of the total tonnage

transferred by the Great Western Eailway Company—were general

goods, so that, assuming 2s. 6(7. per ton as the amount of compen-

sation under this head alone, it would have amounted to £25,000,

whereas the total sum incurred by the company, in the year, was

only about £16,500, and this included not only damages from trans-

fer, but all claims for theft, damages, delay, and loss on 2,944,273

tons of general goods, and 8,000,000 tons of other trafiSc—so far as

the company was liable for any loss—as well as on 2,956,291 parcels,

and also on passengers' luggage ; showing conclusively that the
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damage to goods from a transfer was mucli over-estimated. The

truth was, that some of those who were opposed to a break of gauge,

under any circumstances, had very much exaggerated the cost and

damages arising from a transfer from one gauge to another, while

some of those who were defending a policy which would create a

break of gauge overrated the importance of being able to show

that this was the case, whereas the real objections to a break of

gauge under certain circumstances were of a more substantial and

different character, although not so readily seen or understood.

With regard to the delay arising from passengers having to

change, or from goods having to be transferred from one gauge to

another, he might state that the more or less serious nature of that

difficulty depended entirely upon the circumstances of the case.

Where traffic was not great, when it was regular, and when suffi-

cient accommodation and rolling stock were provided, and where

no sudden emergency arose, the delay or inconvenience was com-

paratively small, except in the case of mineral traffic and heavy or

btilky articles. In the west of England, for instance, where the

traffic was to a large extent of that character—and possibly not

very dissimilar from that of certain parts of India, except that time

in transit was a much more important element in England—the

delay and difficulties arising from a break of gauge were not of a

serious nature.

With regard to the construction of new lines of railway, on a

different gauge from that of existing lines^ with which they were to

form a connection, he could quite understand that there would be

and were cases, in every country, in which that was a necessary

and even desirable course to adopt ; it was so, to some extent, in

Great Britain and in Ireland. He knew of one railway on a

3 ft. 6 in. gauge, which was being constructed from the railways

on the 5 ft. 3 in. gauge, from Ennis to the coast of Clare ; and, if

uniformity was not followed out to the extreme in Ireland,

the same reasons might to a greater extent prevail in certain

districts in India, where, from the nature or amount of the traffic,

the character of the country, or other circumstances, narrow-gauge

branches would be sufficient for all commercial purposes without

any serious countervailing disadvantages.

It had been stated, in the course of the discussion, that the case of

the Great Western railway could not fairly be compared with the

position of railways in India, a statement in which he, to some

extent, concurred ; but it had also been said that the Great Western

Eailway Company, in recently making a considerable alteration in

the gauge of their railways, were induced to do so for the purpose of

2 E 2
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competing with other lines of railway for the traf&c of South Wales,

and not because there was any serious disadvantage in a break of

gauge ; a statement which was not correct. Every person acquainted

with the position of the railways between London and South Wales
must be aware that the Great Western Eailway Company possessed,

in addition to the broad-gauge line between London, through

Gloucester and South Wales, to Milford, a parallel narrow-gauge line

through Gloucester, Hereford, and Merthyr to Swansea, which was
considerably shorter than the route of any competing company, and

by which they had access to all the principal ports, iron works and
collieries in the district, and over Avhich the greater portion of the

South Wales mineral traffic was still carried. This being so,

if there had been no other object in view it would not have been

necessary, for the sake of competition, to have altered the broad-

gauge lines.

It had also been stated, or inferred, first, that the broad gauge

was more expensive to work, and secondly, that it was in other

respects a failure, and therefore had to be abandoned. A comparison

between the working expenses of the Great Western railway and

any other large railway would, however, conclusively show, even

when a large mileage of mixed gauge was being worked, that the first

statement was not correct. As to the other statement, he could

positively affirm that the change of gauge, on certain portions of the

line, did not arise from any objections to the broad gauge, other than

a desire to prevent a break of gauge. Lideed, some of those, who
were best able to express an opinion, considered that the broad gauge,

although objected to in mineral districts on account of the additional

cost of constructing sidings, &c., had not been tried to anything

like the maximum of its capacity for the conveyance of passengers,

and that the improved carriages and arrangements which could have

been adapted to it could have been made to afford such comfort and
accommodation to passengers as had not yet existed in the United

Kingdom.

The desirability and even necessity, however, of adopting a

uniform gauge throughout South Wales had been long foreseen and

looked forward to by the Directors ; for although during a portion

of the year the traffic was moderately regular, at other times it was
fluctuating, and it was therefore frequently found, when this fluc-

tuation arose, or when the traffic had to be carried over distances,

sometimes short and sometimes long, that it was impracticable to

provide the rolling-stock with regularity, notwithstanding the

large amount of stock owned by the company, which was largely

supplemented b}^ stock owned by private persons ; and thus the
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transfer stations became blocked ; uncertainty, delay, and loss were
thereby caused, and a check was given to progress and development,

whereby the interests of the districts, the company, and the traders

siiffered.

The following was an extract from a memorial which was signed

by or on behalf of 269 firms of manufacturers, merchants, colliery

owners and others, in 18G6, addressed to the chairman and directors

of the Great Western Railway Company, for the .extension of the

narrow gauge throughout the South ^Vales line :

—

" The undersigned, being deeply interested in the minerals,

metals and commerce of South Wales, desire respectfully to repre-

sent to the Directors of the Great Western Eailway Company the

serious impediments, inconvenience and loss the commerce of the

district is sustaining, in consequence of the broad gauge being, in

many cases, wholly inapplicable to their wants : thus confining

their communications to very circumscribed limits, arresting their

operations, and consequently crippling their trade,

" The transfer of goods, in consequence of the break of gauge at

every port and principal station between Milford and Gloucester,

is expensive and tedious, entailing, moreover, constant delay in

delivery, grievous disappointment, consequent annoyance, and often

serious loss to both consignor and consignee ; and as regards the

great staple of this district, viz. coal, such transfer (involving not

only the expense of the operation, but the loss arising from depre-

ciation by breakage) becomes positively prohibitory. The under-

signed therefore desire strongly to represent, that the early adop-

tion of the narrow gauge along the whole of the South Wales line

is imperatively called for by the necessities of this district."

In consequence of this memorial, and the strong belief that the

trade of South Wales could not be properly developed, except on one
uniform gauge—it being clear that trade was retarded as well as

loss sustained beyond the cost of transfer of the coal, &c.—to over-

come the difficulties of the fluctuation of the traffic, the sudden
emergencies that therefore arose, and the transfer — the Great
Western Eailway Company, in the siimmer of 1872, expended about

£600,000 in altering 273 miles of railway west of Swindon, pro-

viding extended sidings—rendered necessary by the narrower
gauge rolling-stock—and in other matters incidental to the change.

It had been stated in the course of the discussion that the im-

proved position of the Great Western Eailway Company was to

some extent attributable to this change, as well as to the removal,

in 1869, of the broad gauge from the lines north of Oxford and
Gloucester ; but this was a mistake, as, under any circumstances.
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the alteration of gauge in Soutli Wales had not been long enough

in operation to have had any material effect upon the traffic. The

feeling, however, throughout South Wales was universal, as to the

advantages which the trade of the country as well as the traffic of

the company would derive, from the existence of an uniform gauge

throughout the district ; indeed, although the alteration of gauge

only took place in May, 1872, the ironmasters and others had

already benefited considerably by the change.^

With respect to the new lines in India, he understood the posi-

tion to be, that about 5,000 miles of lines had been made, at a cost of

about £90,000,000, and that it had been determined to provide 10,000

additional miles of lines, and the question was, whether they should

be constructed upon the standard gauge of the existing lines, or upon

a new and narrower gauge. It appeared that the proposed lines were

so laid out that there would not only be twenty-one points at which

there would be a break of gauge, but also—if no mixed gauge was

provided—that there would be eleven separate systems having no

through communication with one another, and therefore that these

woiild practically possess as few advantages, in respect of through

communication, as if they had been constructed upon eleven different

gauges. There was no experience of that kind in England, the

only case having been that of the West Cornwall railway from

Truro to Penzance, which was upon the narrow gauge, while the

lines connected with it were upon the broad gauge. When that

line became the property of the broad-gauge companies that state

of matters was immediately altered. With that exception, the

whole of the broad-gauge rolling-stock and the whole of the narrow

-

' As instances, it might be mentioned that one firm informed Mr. Grierson that

they had, up to the end of that year saved £1,000 by the better working of their

trucks ; while another well-known firm made such a statement to him on the same

subject, that lie was induced to write them to ascertain whether he had mis-

understood them, and he received the following reply :

—

" 5, Queen Square, Westminster, S.W.
" March 3rd, 1873.

" My dear Sir,

" I have not the slightest objection to your making use of the statement I

made to you as to the effect upon us of the change of gauge.

" The expression, however, should be, not ' that it saved us £20,000 per ann.,'

but that it made a difference to us in our business of fully £20,000 a year. With

this modification, you are quite at liberty to make any use of the statement, and,

if you see advisable, I put no restraint on your mentioning names.
" Yours faithfully,

" J. Gkiebson, Esq., " ALEX. BROGDEN.
" Paddington."
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gauge rolling-stock had been available for working throughout, on
the broad-gauge system and the narrow-gauge system respectively.

From the Paper it would appear, that the main reasons for pro-

posing the construction of the new lines upon the metre gauge,

instead of the standard gauge, was that the existing railways in

India had only paid 3 per cent., and that the Indian Government
had to make up the difference between that and 5 per cent. In
considering that argument, the first question that naturally arose

was, whether the existing lines had been as economically constructed

as they might have been, or whether any special circumstances had
arisen which had increased the cost beyond what would now be

incurred, in respect of the new lines proposed to be constructed ?

Whether this were so or not, it appeared to be an extraordinary

and a fallacious argument to put forward, that the gauge of the

remainder of a great system of railways in India should be fixed

by the amount of dividend which a portion of the system had earned

in the earlier years of their existence. If this were a proper prin-

ciple by which to be guided, then the Great Western railway, which
for the last twenty years had yielded an average dividend of rather

less than 3 per cent., ought not only not to have been made on the

7 ft. gauge, but should have been made on a 3 ft. gauge ; and in the

case of the Scinde railway, which had expended upwards of

£9,000,000 on 667 miles of railway—but which, according to the

last returns, had practically yielded no return whatever—it would
follow that the line ought not to have been made at all. If the

proposed lines had to be made simplj^ in the interest of those who
provided the capital, irrespective of every other object or reason,

the question might assume a somewhat diflFerent form ; but the

Indian Government would not only be the owners or guarantors of

the capital, but they also represented and were most deeply inter-

ested in the land, commerce, and welfare of the whole country,

which would, by the construction of railways, be benefited far

beyond any difference between the net earnings of the lines and
the interest on their cost. That this had been the case in England,
was beyond dispute; and even in Ireland, where there had not
hitherto been the same development of trade and commerce, the
knowledge that the value of railways to a country was not to be
measured by the dividends they paid, was shown by the counties,

such as Kerry, Galway, Waterford, Limerick, &c., having guaran-

teed, and now guaranteeing, the interest on the capital, or a portion

of the capital, of the lines which had been and were being con-

structed through those counties; and yet the interest of, and the

advantage to the Indian Government in the constritction of new rail-
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ways in India, exceeded that of the Irish counties. The Author, how-

ever, had stated that the proposed lines were expected to be " stra-

tegically and politically, as well as commercially, useful." Now,
if there was one reason more than another which in Mr.

Grierson's judgment should weigh powerfully against any break

of gauge, on trunk lines, in India, it was that they might be required

for strategic purposes. Any state of circumstances requiring the

use of the railways for strategic purposes would make it desirable,

and probably absolutely necessary, that there should be certainty,

rapidity, and the power to make use of every available means of

transport ; but the contingencies of a state of war on any large

scale, coupled with a break of gauge and a comparatively small

amount of rolling-stock, would almost assuredly result in con-

fusion, delay, and disappointment.

Allusion had been made by Mr. Hawkshaw to some inquiries and

calculations which had been undertaken, to show in what way and

in what time large masses of troops could be conveyed from one

part of Great Britain to the other, in case of invasion, and as Mr.

Grierson was cognisant of the matter, he might state that while

the result showed that, with proper arrangements, the move-

ment of troops in the United Kingdom could be carried out with

a facility and to an extent which had not been, and probably

could not be done in any other country, at the same time, although

it appeared that there would be about 10,000 engines, 35,000

carriages or vehicles suitable for traveling in passenger-trains, and

250,000 goods wagons and cattle wagons, available for the pur-

pose, yet in cases of sudden emergency, or in large movements,

it was evident that some delay might arise in certain places in

concentrating the rolling-stock required for the purpose. If this

might be the case, in certain cases, in England, where the amount
of rolling-stock was so great, what would be the practical working in

India, if the lines were constructed on different gauges, with a

limited and isolated amount of rolling-stock, such as would be the

case, for instance, on the Lahore and Peshawur line ? It had been

stated that, on the proposed metre-gauge line from Lahore to

Peshawur, the calculations were made for a provision of only

1 engine and 30 carriages for every 13 miles of railway, and that it

would require 200 carriages to convey 1,000 men. If this informa-

tion was correct, it would follow that—unless such a quantity of

spare stock were kept, as would not be required in ordinary times

—

supposing every vehicle to be available and no irregularity to arise,

the largest number of men who could be carried from Lahore to

Peshawhr, even taking all the stock to be in use in one direction.
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would be less than 3,000 at a time ; while tlie working of such a

long length of single line could scarcely, in practice, he carried on,

under great pressure, without some irregularities in the return of

the rolling-stock, upon which would depend the further conveyance

of troops, stores, &c.

In the event of war in India, either from civil commotion or

from an attempt at invasion, the possession of the railways, or the

destruction of their rolling-stock, would probably be a specially

important object. If the Lahore-Peshawur line was constructed on

the metre gauge, and the stock, or any considerable portion of it,

coiild be destroyed by the enemy, it would amount to the destruc-

tion of the railway itself, for all practical purposes. On the other

hand, if the line between Lahore and Peshawur were constructed

on the 5 ft. 6 in. gauge, the rolling-stock of all the other lines

would be available, and trains could be sent forward to Peshawur

continuously until the whole movement was completed, the trains

standing on and being discharged, if necessary, upon the main
line, and without any necessity arising for returning the empty
vehicles, or checking the running of trains from Lahore until the

pressure was past.

As previously stated, the difference of gauge in the west of

England, in consequence of the nature of the traffic and other cir-

cumstances, was not seriously objectionable ; but, at the same time,

his 0"«Ti opinion was that, if at any time during the last ten years or

fifteen years there had been any real probability of the railways in

that part of the country being required for ' strategic purposes '—as

the Author assumed that the new railways in India might be—the

difference in gauge in the west of England would not have existed

for five years after such an event had been apparent. The Eoyal

Commission on Eailways in 1867 reported:—"We are of opinion

that the continued existence of the double gauge is a national evil.

AVe think it worthy of consideration, whether it may not be de-

sirable to require the broad gauge to be put an end to ; and as the

evil has arisen to some extent from the proceedings of Parliament,

whether a loan of public money should not be granted for the purpose,

on the principle we have suggested for advances to Irish Eailway
Companies." From Mr. Grierson's experience ofthe difficulties which
had arisen in dealing with the construction of new lines, where
two gauges existed, he should fear that, if the proposed new lines

in India were made on the metre gauge, it would become necessary,

at some comparatively early period, to consider—almost irrespec-

tive of any question as to the working—the desirability of altering

one of the gauges on trunk lines. The longer the time before
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such a determination was arrived at, the greater would be the loss

in respect of the rolling-stock.

It appeared to him that if the further railway accommodation in

India could only be provided by private enterprise, in the same way
that railways had been provided in England, and the capital could

only therefore be obtained, if an adequate return for such capital

could be insured, and if the traffic of the districts through which
the 10,000 miles of railway were about to be constructed would

not yield a fair interest on the cost of railways, on the standard

gauge, it would then, and then only, be a question of constructing

railways on the metre gauge or of having no railways at all, and

in such a position he would distinctly say— although it would be

a misfortune to be placed in the position of choosing such an

alternative—that the railways should be made, notwithstanding

that the evil of a break of gauge was incurred.

If, however, it were admitted that railways would develop

the resources of a country, so that although they would not directly

pay in themselves, they would enrich the country to an extent

far beyond the loss of interest—and if the Government, having

the greatest interest in the land and the well-being of the country,

and having to provide the capital and the railway's, and by so doing,

at the same time, secured the necessary means of insuring the peace

of the country by the rapidity, certainty, and economy by which

troops could be moved—then he would most distinctly say that

a break of gauge on trunk lines, such as had been suggested,

ought to be avoided. If the question was whether India should

have 15,000 miles of railway on two gauges, at a cost of £160,000,000,

or the same mileage on one gauge at a cost—even assuming the

Author's own figures—of £170,000,000, Mr. Grierson would again

say that it would be a misfortune to have a break of gauge for

the mere saving of 6 per cent, of the total cost; but if there

was any portion of India where there should be a continuous gauge

it was, in his opinion, between Calcutta, Kotree, and Peshawur,

Mr. George Turnbull, in a communication authorized by the

Council, and through the Secretary, stated that as he had been

for many years connected with Indian railways, and had spent

above thirteen years in India, employed in their construction

and maintenance, he felt it a duty to say a few words on this

important subject.

In the early part of the discussion it was put forward by a great

advocate of the narrow gauge, that whatever were the technical

knowledge of the opponents of the proposed change of gauge,

they did not possess such a knowledge of Indian local conditions,
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or of the administration of a great country, as to render their

opinion more tlian one of the elements in the question. Now
he did not concur in that remark, because he hekl that the general

principles of engineering in such questions as that before the

Meeting were of universal application, and that the question in

itself was one of a purely technical character. He was sure that

there was nothing in Indian railways to make them an exception

to that rule. He spoke from experience in the matter, as he was
well acquainted with the country, having been Chief Engineer on
the East Indian railway, and having constructed that line through
Bengal, and having had charge of its maintenance after it was
opened for traffic. He could confidently assert that there was no
special claim for consideration, of matters of gauge, by those who
had long resided in India, or by those who had a knowledge of

Indian local conditions ; but that whatever was good in England
was good there, and what was bad in England was bad there also.

The question, as he understood it, was not whether a 3 ft. 3 in.

gauge or a 5 ft. 6 in. gauge was the best in the abstract, but whether,

having a 5 ft. 6 in. gauge established in India over 6,000 miles,

mostly of main lines, and the Government intending to make
10,000 miles of lines more, it was to abandon the 5 ft. 6 in. gauge,

adopt the 3 ft. 3 in. gauge, to interpolate a length of 240 miles

of mixed gauge on a main line, and to adopt the narrow gauge on

the important extension to Peshawur of the greatest main line

in India. The objections to a break of gauge, and to a mixed

gauge, were so well understood, and had been so fully brought

into view and admitted, during the discussion, that it was only

the necessity of the most sevei'e economy that would justify the

project of the Indian Government. No other plea, but that of

economy, had been urged, and there was the greatest difficulty in

coming to a conclusion on that point, for the estimates of saving,

on excellent authority, varied in round numbers from £200 per

mile to £2,000 per mile, which was certainly a most unsatisfactory

condition of the question. Moreover, there had been differences

of opinion as to the maintenance. General Strachey had alluded

to the greater economy of maintenance on narrow-gauge lines

;

although that officer did not insist upon it, or attempt to prove

it. On the other hand, Mr. Douglas Fox stated from his Canadian

experience that " there was no appreciable difference between the

cost of running a train or of hauling a ton of goods on the 3 ft. 6 in.,

or the 4 ft. S^ in., or on the 5 ft. 6 in. gauge." If that were so, the

question was narrowed to the cost of construction only. Again,

on that point there were discrepancies not easily reconciled ; for
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example, as to sleepers and ballast, it had been said that 8 in. by
4 in. was the section for sleepers for the narrow, and that 9 in.

by 4|- in. was the section for sleepers for the broad gauge. That

9 in. depth of ballast was right for the broad gauge and 6 in.

depth of ballast for the narrow gauge ; a statement which was simply

incomprehensible; because all engineers knew that the strength

of the permanent way should be in proportion to the weight put

upon it, whatever might be the gauge, and that the strength

of the permanent way was ruled by that condition alone. The
logical conclusions were, that the calculations of saving in

construction were not to be relied upon, because they appeared

to be founded on different bases, and that the Government

of India might well pause before they decided upon the matter

without further investigation. He thought it would be found out

eventually that the proposed saving was illusory, and had arisen

from a well intentioned, but mistaken view of actual economy.

Assuming that the cost of the permanent way and of the bridges

was proportionate to the pressure on the rails, a question at once

arose whether a saving by the use of light rails and sleepers, and of

a thin coat of ballast, where light traffic occurred, would not effect

an almost equal economy, and avoid a break of gauge on the main

lines ?

Not being one of those who had a special bias for any special

breadth of gauge, he would guard himself from being supposed

to think that the 5 ft. 6 in. gauge was the best or most suitable

for India ; but 5,000 miles of railway having been constructed on

that gauge, he considered that the proof of the estimated saving

in the construction of the future 10,000 miles of railway was so

unreliable that no prudent administrators could place much faith

in it.

Abundant proof had been given, that heavy traffic could be

carried upon gauges varying from 3 ft. to 7 ft. ; also it was not

to be denied that there were places in India where a narrow

gauge would be desirable, if a very small saving could be effected,

say, even of £50 per mile to £100 per mile ; such, for example, as a

line to the Sanatorium of Darjeeling, of about 150 miles from the

north bank of the Ganges ; which, if made on a line going nearly

due south from Darjeeling to Caragola Ghaut, opj)osite a station on

the East Indian line, would be of the utmost service, but could

never be a main line, and could never communicate with the East

Indian railway except by steamer, becatise the crossing of the Ganges

by a bridge was too formidable a work to be undertaken for the use

of such a line. India was so vast a country that there were many
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other localitieswhere the cheapest of all possible constructions should

he adopted for keeping open communications, otherwise broken off

during the rainy season, where, as in Lower Bengal, there was no

material for road-making, except burnt clay and broken bricks,

the kunkur or limestone nodules being too expensive, and often

not to be found at all. This circumstance, although apparently a

matter of detail, was in reality one of great magnitude. The
development of Indian railways was undoubtedly impeded, in a

most serious manner, by the want of ' feeders,' or roads of com-

munication leading to the railway stations. In many places in

Lower Bengal, very populous and very fertile, the roads, so called,

were unworthy of the name, being merely formed by cutting a

trench on each side, and throwing up a low mound for the use of

the bullock carts in the dry season ; in the rainy season such

a track became nearly impassable, and was often deserted, and

new tracks were made through the adjacent rice-fields. It was in

such localities and under such circumstances that the cheapest of

all railways or tramways would be invaluable. On the other

hand, the inconveniences and losses accompanying a change of gauge,

or a mixed gauge, on any main lines communicating with each

other, were so great as regarded ordinary traffic, to say nothing of

the difficulties in the conveyance of troojjs and war materials,

in case of future military operations—a probability which should

never be forgotten—that he thought it would be well if engineers,

who were authorities in such matters, would enter some protest

against the course that was being pursued; and that, as well-

wishers to their country, they should at least solicit a recon-

sideration of this subject, which was of such great consequence

to the material advancement of India, and thus possibly prevent

a repetition of the serious mistakes which had been made in this

and other countries, and which had ended in a return to an uniform

gauge, after suffering the punishment of great and unnecessary

pecuniary loss.

Dr. Polk, in a communication authorized by the Council, and

through the Secretary, stated that he thought it the duty of every

one who, like himself, had had to do with Indian railways, to put

on record his opinion on the grave question now before the Insti-

tution.

He had been greatly astonished at hearing, that the Indian

Government had determined, on economical grounds, to alter the

gauge, as such a step appeared to him to ignore all the knowledge

and experience gained on the subject. He had occasion to study

carefully the history of the English gauge question, having been
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called on to contribute the chapter on the gauges to Mr. Brunei's

lately published life of his father ;
^ and Dr. Pole had found, what

indeed was evident enough as a matter of reasoning, that one

of the most positive results brought out by the controversy was

the very insignificant influence that the gauge had on the cost

of a railway—the real criterion of expense being the carrying

power. It had been shown clearly, that if the Great Western

railway had been made of the same carrying power as the London
and North Western railway, the extra 50 per cent, width of gauge

would have added nothing material to the cost. But Mr. Brunei

took advantage of the wide base to add 4 ft. in width to all the

works, thus giving the line largely increased capabilities ; and yet,

with this addition, the extra cost was found to amount only to about

£300 per mile to £500 per mile !
^ And yet they were told now

that several thousands per mile were to be saved by the proposed

change of gauge in India.

In searching for the origin of this fallacious movement it

became clear that a great logical blunder had been committed at

the outset. The authorities, having formed a desire, reasonable

enough no doubt, to cheapen railways in India, had, as the next

step, assumed, that in order to do so it was necessary to

narrow the gauge. It was curious to see how, throughout the

Indian papers, whenever economy of construction was spoken of,

one scarcely ever found the words ' cheap railways,' or ' light rail-

ways ' used, but always ' narrow-gauge railways ;' a strong

symptom of a petitio pmicipii having forced its way into all the

Indian councils. It would seem as if the authorities had referred

to Johnson's Dictionary, and finding ' gauge ' to be defined as

* a measure or standard,' they had rushed blindly to the conclusion

that the gauge was a measure or standard of railways generally,

as regarded their calibre, carrying power, cost, and every element

involved in them.

This, however, was not so, as was well known to all who had
studied the subject. The introduction of the ' overhang ' of the

carriages at an early period, in order to obtain enlarged carrying

capacity with the narrow gauge that had been then accidentally

fixed, had taken away the significance of the width between the

wheels as a measure of the works. This was obvious enough ; for

supposing a certain width of carriage to be given, it was evident

' "The Life of Isambard Kingdom Brunei." By Isambard Brunei. London,

1870. Chap. V.
2 Ibid., p. 129.
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that nothing coiikl be gained by the chiklish and unmechanical

stej) of pushing the wheels closer together under the middle of the

carriage ; inasmuch as the dimensions of the works must be deter-

mined by the size and weight of the vehicle, and not by the

cramped width between the wheels. It might be said that the

sleepers formed an exception, as they at least might be shorter

;

but an engineer must be but an incompetent oflScer, if, having a

given load to carry on two points, he could not make his outlay

independent, or nearly so, of the width they were apart. For

example, the most suitable arrangement for a wide gauge light

railway would probably be by laying the rails on longitudinal

sleepers, and it was evident that the width apart of these could

make but slight difference. Asa matter ofmechanics and ofcommon
sense, the wheels of a vehicle ought to be as wide apart, that is,

as near to the edge of the vehicle, as it was possible to place them

;

indeed, as Mr. Brunei had justly argued, the proper position for

them was outside the body altogether, as had been, from time imme-
morial, the type of all wheel carriages, except those of railways,

where the accidental narrowness of the original lines had com-

pelled the adoption of the overhang. It was lamentable to see a

wide vehicle standing on a narrow base, and still more lamentable

to find the designers and users of such arrangements glorying in

what was really a mechanical opprobrium. The only justification

for a narrow gauge was when an extremely narrow carriage

only was required, and no one would venture to assert that vehicles

of 3 ft. wide or 4 ft. wide were suitable for the main lines of our

Eastern Empire.

It was no new idea in England, though it might be in India,

that if it was desired to reduce the cost of a railway, that might

be done independently of its gauge. ' Light railways ' of ordi-

nary gauge were common enough. All the early railways were

light, while the traffic was yet undeveloped, and there would be

nothing new in returning to such lightness, when required, with-

out altering the gauge. Contractors were using light railways

every day, but they did not alter the gauge. Mr. Bidder, in his

able and exhaustive report^ of June 14, 1870—which, oddly enough,

had been omitted from the published Indian Papers—had given

a case where one of the largest companies had lately constructed

a line 22 miles long, to accommodate a poor district, with an out-

lay, including expensive land, of little over £4,000 per mile ; it had

' Publis]ied in Mr. Andrew's pamphlet, " Break of Gauge in India." Second

edition. 1873. Page 74.
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all the arrangements of the lightest and cheapest possible character,

but its promoters had never dreamed that it was necessary to

reduce the gauge.

Another case was on the Great Western railway system, where

a light branch, of a few miles long, to the fishing-town of Brixham,

was worked by a small and light engine. And yet this was on a

7-ft. gauge.

One of the best examples, however, of a light railway on the

standard gauge was one laid down by the Duke of Buckingham,

on his own estate near Wotton, a few miles from Aylesbury.

The Duke, conceiving that many benefits would arise from

extending railway communication through his estate, undertook

to make a line from Quainton Eoad Station, on the Aylesbury

and Buckingham line, to a place called Brill, about six or seven

miles to the west, with a branch to Wotton, one of the Duke's

residences. He entrusted the construction to Messrs. Lawford

and Houghton, Engineers, of Westminster, and the line was

opened about two years ago. It was called the ' Wotton Tramway,'

but why this term was used was not clear, as it was as properly a

railway as any railway in the kingdom.

It followed pretty nearly the surface of the land, having

gradients in some places as steep as 1 in 50, and curves of

occasionally 12 chains radius. The rails weighed 30 lbs. per yard,

of the bridge section, screwed down to longitudinal sleepers

6 in. by 6 in., with cross ties at every 12 ft. There were no stations,

but at each main-road crossing there was a siding for trucks. The
entire cost, excluding land, was £1,400 per mile.

The goods traffic consisted of coal, road metal, manure, and

general goods, inwards ; of hay, straw, grain, timber, bark, out-

wards ; and of cattle both ways. There was also a coaching

traffic of passengers and milk. The trucks were of the ordinary

kind, borrowed from the adjoining railways, but they were

drawn, at a speed of 5 miles per hour to 8 miles per hour, by a

special engine weighing about 10 tons or 12 tons. It need hardly

be said that the Duke, though, no doubt, he was anxious enough to

reduce the outlay, did not commit the folly of altering the gaiige.

Another case was of a railway, of a very peculiar and remarkable

character, and of which a description was before the Council of the

Institution, and would probably be read at a future time. It was
the Rigi railway,^ near Lucerne. In this case the traffic was of an

exceptionally light character, only to convey tourists up the moun-

Vide Minutes of Proceedings, Inst. C.E., vol. xxxvi.
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tain during the summer. There was only one carriage in each train,

and the speed was 3 miles per hour or 4 miles per hour ; and, as

the line was all on the side of a rock, there was every inducement

to reduce the dimensions, and cheapen it to the utmost. Moreover,

from the peculiar nature of the railway, it was scarcely to be expected

that it could ever be worked in conjunction with any other line.

Here, therefore, was surely a case for a narrow-gauge line, if the

system were attended with the wonderful economical advantages

claimed for it by the Indian authorities. Yet, strange to say, the

Swiss, that eminently practical and utilitarian people, did not see

this, but made the Eigibahn only a ' light railway,' of the ordinary

gauge.

Eailways of this kind had actually been jirovided for by the

Legislatitre, for in the Eegulation of Eailways Act, 1868, there were

clauses introduced specially authorizing and regulating the con-

struction and working of light railways, but giving no encourage-

ment for altering the gauge.

He might further refer to a Eeport of a Meeting of the Exeter

Chamber of Commerce, in June, 1872, at which ]\Ir. Ellis, the mayor
of that city, read a Paper on the subject, after which a resolu-

tion was passed directing attention to the great importance of a

system of light railways to Exeter and the neighbourhood. Mr.

Ellis began his Paj^er by the following words :
" Almost every one

is now inquiring what is a light railway ?" It need hardly be said

that the Chamber of Commerce did not arrive at the answer given

by the Indian Government to the same question, namely :
—" That

it must be a railway of an exceptionally narrow gauge."

What became, therefore, of the Author's assumption, that practi-

cally the broad gauge was never adopted, except when broad, heavy

vehicles were used ; and, that in any comparison of the two gauges,

that intention might always fairly be assumed ? That might be

all very well as an opinion hazarded by an amateur, but both

reason and experience showed it to be a fallacy.

It had been said by Mr. Gladstone in the House of Commons a

short time ago, that " in the battle of the gauges, fought in this

country thirty years ago, nothing could be more decisive than the

victory of the narrow over the broad, and of uniformity over

diversity." Kow, as Dr. Pole claimed—as he had before stated

—

some knowledge of the proceedings in question, he must assert that

this statement was calculated to mislead. What Mr. Gladstone

called the victory of the narrow gauge over the broad gauge did not

arise from any inferiority of the broad gauge, or any superiority of

the narrow gauge ; on the contrary, the advantages of Mr. Brunei's

[1872-73. N.S.] 2 F
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system were fully torne out by experience. The victory was wholly

and solely due to the impossibility of tolerating a break of gauge.

This it was which abolished the exceptional system in the North, and

would probably, ere long, abolish it in the West also. And it did not

require a great stretch of imagination to anticipate a similar result

in India. The time would come when, if the traffic extended, the

break of gauge would be found intolerable there also, and then

either the narrow gauge must be widened, or the broad gauge

be narrowed, and the Indian railway system would become the

laughing-stock of the world.

He might add that he had now charge of the Imperial Eailways

of Japan, which had been laid out, before his connection with them,

on a gauge of 3 ft. 6 in. He did not find this to be any advan-

tage, but the reverse. He had reduced the vehicles to as small

a size as he dared, but he could not provide for the traffic with a

less width of vehicles than about 6 ft. 6 in. ; and under this con-

dition, the narrowing of the wheel breadth only gave rise to bad

and inconvenient construction, both of the engines and carriages,

while it saved nothing in the cost. It was under consideration

whether the gauge should not be widened before the evil became too

much extended.

])r. Pole must conclude by adding his protest to that of all

other Engineers, against the narrowing of the Indian gauge, unless

it could be conclusively shown, which certainly had not been done,

that the desired economy could not be obtained in any other way.

The subject had been much complicated by masses of figures,

exhibiting, no doubt, some discrepancies, according to the views

held by different individuals ; but There was no technical mystery

about it, and the common-sense application to it of ordinary

mechanical principles and ordinary laws of construction would, he

was convinced, suffice to show that the Indian project was founded

on a delusion, and that the judgment dictated alike by reason, by
experience, and by the universal opinion of those most competent

to judge, was the correct one.

Mr. J. E. Tanner, in an authorized communication through the

Council, stated that the Author, while asking for pitj^ for the

Indian tax-paj^ers, should have reminded those who were un-

acquainted Avith India that the guaranteed railways were the pioneeis

of railway communication in that country. The shareholders of

those lines had many difficulties to contend with, and part of the

capital on which interest had now to be paid had been spent in

overcoming them. In fairness he should also have stated that the

Indian Government and the tax-payers reaped advantages from the
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railways beyond the 3i per cent, which they earned, and that at

the same time those advantages occasioned a loss of profit to

the I'ailway proprietors ; as also that some loss accrued to those

railways that were under construction during the Mutiny,

The railways in India did not succeed turnpike roads and canals

as in England, but often supplied the place of so-called ' roads

'

without bridges or metalling, conseqiiently all skilled labour had
to be taught. The skilled labour that had been taught by the

guaranteed railways had become remunerative to the country,

although the country might not at present have entirely recouped

the money spent for their education.

Some of the railways were constructed at a considerable distance

from the seaboard, causing not only excessive cost for transport,

but a heavy item for delays in delivery. Mr. Tanner had seen a

locomotive drawn by bullocks two hundred miles over an un-

metalled road ankle-deep in dust ; and convoys of carts thatched

over in the jungle, Avaiting for the rains to cease before they

could proceed on their journey, while platelayers and others who
were in want of the materials, which those carts ought to have

been conveying, were standing idle. Future railways in course of

construction would not have to contend with such disadvantages,

nor with the almost total want of skilled labour then experienced.

Those who knew India before the railways were in existence

would recollect the relays of horses at every sixth mile, for the

postal service of letters alone ; and the relays of bullocks at every

tenth mile for heavier parcels, newspapers, and such light mer-

chandize as could afford the charge. The railway companies, by
their contract, were obliged to carry the postal service for nothing,

and even to provide vans—if not sorting vans. By the con-

struction of the guaranteed railways the expense for the main-

tenance of horses, bullocks, c irts, wagons, and the establishment

previously necessary, had been saved for more than 5,000 miles.

The economy that accrued to Government by moving troops by
rail, instead of by the costly establishment necessary for marching,

had been already alluded to. The Author, to have drawn a fair

comparison, might have shown what those savings amounted to, in

order that they might have been added to the 3j per cent, earned

by the railways.

With regard to break of gauge, Mr. Tanner had lived long

enough in India to know that an order by the Governor-General

in Council was not to be argued against. But those persons who
constituted the Governor-Geneial in Council might after a time

retire, and their successors might possibly not feel justified in

2 F 2
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continuing the construction of the railways upon the scheme so

strenucu.sly advocated by the Author,

Mr. Tanner would give an instance. The Sutlej bridge was built

in the most exposed part of the river, because the Governor-General

in Council ordered it ; the object being that it might be under the

guns of the fort at Phillour, which was alM^ays to be garrisoned

from an English regiment. The Governor-General in Council

had changed before the first girder was in place, and a new order

removed all the guns and the contents of the magazine to Ferozepore,

80 miles away, and the English troops were supplanted by one

company of native infantry.

With regard to width of gauge, arguments had been adduced for

and against the narrow gauge and the broad gauge—but had they

been carried far enough ? No one could gainsay that a narrow-

gauge line could be made at less cost than a broad-gauge line, as

far as the construction of the line went ; but the saving was so

little, that the extra expense for rolling-stock necessary for the

narrow-gauge line to give equal carrying capacity would possibly

counterbalance the saving effected.

Mr. Tanner had lately been engaged by Government to furnish

two estimates for a single line of railway in one of the colonies.

One on a gauge of 3 ft. 6 in., and another on a gauge of 4 ft. 8g in.

As there was no railway in the colony, there was no question of

break of gauge, and the relative advantages of both gauges could

be fairly weighed. The estimates were prepared from actual survey,

and every minute detail was considered. The results might there-

fore be interesting.

The data started with, were as follows :—The engines were to be

6 wheeled, coupled; to weigh 18 tons, and to be suitable for a

speed of 25 miles per hour. The load on the carriage wheels was to

be 3 tons. The rails were to weigh 55 lbs. per yard. For the

3 ft. 6 in. gauge, the width of the bank was to be 14 ft. 6 in. at for-

mation level. The width of the carriages was to be 6 ft. 4 in., and
the length, 15 ft. For the 4 ft. 8^ in. gauge, the width of the bank
was to be 15 ft. 9 in. at formation level. The width of the carriages

was to be 8 ft. 6 in., and the length, 15 ft.

The result of the estimates gave as the cost per mile for the con-

struction of the line alone :
—

£ s. d.

On tlie 4 ft. 8J in. guage 5,139 13 9

„ 3 ft. 6 in. „ 4,977 15

£161 18 9
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or a saving in construction of the line by adopting the 3 ft. 6 in.

gauge of 3 • 1 7 per cent.

The cost per mile for construction, including stations, telegraph,

and everything except rolling-stock, was as follows :

—

£ e. d.

On the 4 ft. 8.1 in. gauge 6,610 18 7

„ 3 ft. 6 in. „ 6,445 8 3

£165 10 4

or a saving in favour of the 3 ft. 6 in. gauge of 2^ per cent.

Before comparing the rolling-stock of the two gauges a few words

of explanation were necessary. Undoubtedly a narrow-gauge

wagon, when carrying material such as stone, ballast, &c., could

carry its load with less dead weight of wagon, and was therefore

preferable and cheaper for mineral traffic ; but for passengers the

same floor area was required for both gauges. For light goods,

such as loose cotton, the broader gauge gave better carrying capacity,

for if there were no over bridges the load could be piled up higher,

as well as wider. Floor area was therefore taken as the basis for

comparison in the two estimates. The rolling-stock for the

4 ft. 8^ in. gauge amounted to £17,177, and that for the 3 ft. 6 in.

gauge to £19,012 ; showing a saving of 10^ per cent, in favour of the

4 ft. 8^ in. gauge for equal carrying caj)acity. The total cost of the

railway, with all accessories for traffic, gave a result in favour of

the 3 ft. 6 in. gauge of • 72 per cent.

The traffic estimated for was less than there would be in a very

short time after the line was opened for traffic. He believed the

rolling-stock would then requii-e to be doubled. Under those cir-

cumstances the result would then be in favour of the 4 ft. 8i in.

gauge. All renewals for wear and tear would necessarily be in

favour of the broader gauge. The railway referred to was for a

special class of traffic, namely, that of carrpng sugar hogsheads.

A truck or wagon of the 3 ft. 6 in. gauge could only carry 3 hogs-

heads, while those of the 4 ft. S^ in. gauge could carry 6 hogsheads.

When this was taken into consideration, the result of the estimates

was in favour of the 4 ft. 8^ in. gauge to the extent of 1 • 55 per

cent, of the total cost.

Having spent fourteen years on the construction of Indian

railways, he knew the disadvantages which those constructing

them had to contend against. No fair comparison could be arrived

at, by saying " the existing railways cost so much per mile ; and our

estimate is for so much a mile." A true comparison could only be
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arrived at by taking the actual quantities of a lengtli of line that

had been executed, and by putting the same price against each item

of work in the estimate for the proposed line. Surely it would be

worth while to make such a calculation before embarking on a

change of gauge for 10,000 miles. If such a comparison was
made, he was certain the great saving anticipated by the Author

would turn out to be almost visionary.^

Mr. W. T. Thornton, partly reading from copious notes, said

that rather a heavy task had devolved upon him. He had to

answer a large number of adverse speeches. To do so with any

adequacy would require all the time that he could warrantably

occupy, and at least all the strength which he possessed, so that he

had better not waste any of either in prefatory remarks, but

address himself at once to the business in hand.

It would be convenient to divide his opponents into two classes

—those who had not met him with arguments, and those who
had ; and in the former category he should take the liberty of

placing his excellent friend Mr. Andrew, and also Mr. G. P. Bidder.

Both of those gentlemen seemed to have taken a hint from the

well known story of a leading barrister, who, having risen in Court

to answer the case for the prosecution, had a paper placed in his

hand by his legal prompter, containing the words, " No case

:

abuse plaintiffs attorney." Changing plaintiff's for defendant's,

this was what they had done. Mr. Andrew's abuse was, indeed, of

a very mild description, and did not go much beyond likening

Mr. Thornton to Eip Van Winkle, and suggesting that he

must have been asleep for the last five-and-twenty years, and that

he was therefore ignorant of the disasters with which the ' war of

gauges ' had been attended in this country. He must own that

he could scarcely venture to pay off Mr. Andrew in kind. His

excellent friend was very generally understood to be at all times

pretty wide awake. Still, if it were possible to imagine him to

have been caught napping, Mr. Thornton should really have thought

' As it had beeu stated by General Stracbey (page 264) that, " until the

Government of India announced its intention of carrying out narrow-gauge rail-

ways, as the only apparent means of obtaining cheap railways, none of the Engi-
neers of the Indian lines—exclusive of the Oudh and Eohilkund Company and
the Indian Tramway Company—suggested the construction of light or cheap

lines, or admitted that they were possible." Mr. Tanner submitted a copy of

a Keport made by him to R. Saunders, Esq., Postmaster-General, Punjab, dated

December 6th, 1861, which Mr. Tanner requested might be printed in the

Appendix. It would be seen that in that Eeport he did, so early as 1861, propose a

light railway, and light engines of the normal Indian gauge.— Vide Appendix VI.
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that on this occasion Mr. Andrew had been talking in his sleep.

Mr. Thornton could not otherwise conjecture how a person of

Mr. Andrew's acuteness could refer to the English battle of the

gauges by way of thereby disparaging the narrow gauge. Surely
he could not require to be reminded that in that battle it

was the narrow gauge that won, and the broad gauge that was
vanquished ; so that, if any inference in regard to India was to be
drawn from the case of England—not that the two cases were in

reality at all analogous—that inference plainly was that, if in

India the two gauges were ever pitted against each other, as

they had been in England, the narrow gauge would be again
victorious.

The personal remarks of Mr. Bidder were of a more decided

character, intimating quite unequivocably that, in his opinion,

Mr. Thornton was not an ordinary fool merely, but the very
' genius of folly.' He did not suppose that Mr. Bidder meant any
harm by that. To talk in that style was very likely only a way
he had—a sort of playful chaff. At any rate, Mr. Thorton had no
desire to resent it. On the contrary, and on the principle of return-

ing good for evil, he proposed before he had done to give Mr. Bidder,

in exchange for his chaff, some solid, substantial grains to digest

and ruminate upon.

Turning now to his argumentative opponents, Mr. Thornton was
glad to observe that they had directed their chief assault against

what had been previously admitted by him to be the key of his

position, namely, the question of economy. True, if beaten there,

he must acknowledge himself to be beaten all along the line, without

one rallying point to return to. But he had no objection to be beaten,

if he could be shown to deserve defeat. Contending as he was,

not for victory—not for any foregone conclusion—but for truth,

whatever the truth might be, he could not but be anxious that, if in

error, his error might be exposed. Still, on the question whether

he was beaten or not, he requested the Institution to suspend its

judgment until they had heard him out.

In pressing the plea of economy, another person in his place

might perhaps have engaged extensively in independent calcula-

tions, going in largely and learnedly for width of embankments,

depth of ballast, sectional area of sleepers, and what not ; and, by
computing how much this or the other detail would cost on the

broad gauge and on the narrow gauge, have shown how much less

the aggregate cost would be on the latter than on the former.

This was what a professional expert might have done, but which

he did not attempt to do, for the very sufficient reason that he
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could not have done it if he had tried, since, so far from pretending

to be a professional expert, he frankly confessed himself to be an

unprofessional ignoramus, or, as plain-spoken Mr. Bidder might

say, a mere fool in technicalities. Besides, there would have been

no use in doing it, even if Mr. Thornton had been able, for his

calculations would infallibly have been disputed at everj^ step, and

at the end of them he should have been as far as ever from having

established any premises in which the opposite side would have

acquiesced. But without some premises, common to both sides,

there could be no profitable discussion ; so, since he could not hope

that any data offered by himself would be accepted, he had no

alternative but to accept those which had been put forward by his

opponents.

He found that two Engineers of the very highest eminence—of

the eminence implied by their having been selected by the Insti-

tution as its Presidents—had each of them carefully estimated the

cost of railway construction under two different sets of conditions

—or rather, he should say, of conditions similar in other respects,

but different in this : that in the one case a 3 ft. 6 in. gauge, and

in the other a 3 ft. gauge, was assumed. He alluded, of course,

to Mr. Fowler and to Mr. Hawkshaw. Now there was more than

one way in which Mr. Thornton might have dealt with those

gentlemen's estimates. In both, the narrow gauge was credited

with considerable, but different, amounts ofsaving—in Mr. Fowler's

estimate, with £866 per mile ; in Mr. Hawkshaw's estimate, with

£760 per mile. Mr. Thornton might not unfairly have taken either

of those amounts, and by making certain additions thereto, on grounds

which he should presently advert to, have obtained a much greater

total than he had actually claimed. That was what he might fairly

have done, if his desire had been merely to make a fair show in

figures. But that he did not do. Mr. Fowler and Mr. Hawkshaw
differed not more as to the total amount of saving than as to the

nature of the items on which saving was to be allowed ; there being

only four items admitted by both, namely, earthwork, bridge-

work, sleepers and ballast. Mr. Thornton began, therefore, by
restricting himself to those four items ; nor did he take even the

highest of the totals which he found allowed upon those items, but

only the mean between the two, and then to this mean he had
added not the whole of what was admitted by his authorities on

other items, for he rejected some of those other items altogether.

He made additions in respect only of those further items which,

although included by only one or other of his authorities, as the

case might be, ought manifestly to have been included by both.
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and could not have been omitted by either, except through inad-

vertence. By this means, and by allowing further for the siiperior

cheapness of a metre, or 3 ft. 3f in., gauge, over the 3 ft. 6 in. gauge

assumed by his authorities, he obtained £1,000 per mile as the

average saving obtainable by the adoption for the Indian State rail-

ways of a light metre gauge, instead of a light standard gauge. He
said average saving : of course he agreed with Captain Tyler, that

the actual saving would not be the same on all lines, but would vary

with the character of the country and other circumstances, being

sometimes more and sometimes less than the sum mentioned ; but

Captain Tyler would, he thought, admit, on reflection, that this

was a reason not the less, but the more, for adopting an average in

reference, not to any particular metre-gauge line, but to all metre-

gauge lines in general.

While working out, as above, his total of £1,000 per mile, Mr.

Thornton fancied, in his simplicity, that he was displaying an
exemplary, an almost chivalrous, moderation ; and was, therefore,

proportionally disappointed^not to say disgusted—to find, when
the matter came to be discussed, that his critics, with one accord,

began to take exception to every one of the details of which
that total was composed. Mr. Harrison, who led the charge at

this point, with Mr. Bruce bringing up the rear, considered that

he had been much too greedy in accepting at Mr. Hawkshaw's
hands £10 per mile for land, seeing that Major Bonus, in his

estimate for the Indus Valley line, had shown that 13s. 6d.

per mile, or, as Mr. Bruce had it, more nearly 10s. per mile, was
the maximum to be allowed. Major Bonus was an Indian Engineer

officer of well-earned repute ; and Mr. Harrison seemed to Mr.

Thornton to exhibit a very just discrimination in preferring, on
questions connected with Indian railway construction, the opinions

of experienced Indian Engineers to those of the ablest members of

the profession who had never visited the East. Mr. Harrison had,

however, misunderstood Major Bonus's meaning to an extent not

very remarkable in one who did not pretend to have any special

knowledge of India, but somewhat curious in the case of Mr. Bruce,

who ought to have known—and no doubt did know— a great deal

about that country. When giving Ks. 27, or £2 14s., as the price of

an acre, and therefore 1 3s. Gd. as the price of a quarter of an acre,

Major Bonus was speaking, not of India generally, but only of that

territory— for the most part mere sandy desert—through which the

Indus Valley railway would run. But Mr. Bruce, who had so skil-

fully conducted the Great Southern of India line from Trichinopoly

to Negapatam, through the garden-like luxuriance of the Cauvery
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Delta, OTiglat not to require to be told tliat there was other soil in

India besides sand, and that to judge of the value of the land that

would have to be taken up for State railwaj^s in Northern Bengal,

or the Dharwar cotton-fields, by its value between Mooltan and Hy-
derabad, was about as mxich to the purpose as it would be to suppose

that the Metropolitan 1Railway Company and the Highland Kail-

way Company got their land at the same rates per acre. It so

happened that in certain instances—very exceptional ones it was
true—the Government of India had to j^ay for the land presented

by it to guaranteed railway companies no less than £725 per acre

and £1,099 per acre, and this for areas of 141 acres and 61 acres

respectivel}''. After all, the figures objected to were not his figures,

but those of Mr. Hawkshaw ; but still, unless Mr, Harrison and

Mr. Bruce could show better reason for questioning the correctness

of Mr. ITawkshaw's allowance of £10 per mile for land, Mr.

Thornton should not consider himself bound to surrender any part

of it, although to part with the whole would not cause him any

very great pang.

In regard to earthwork, Mr. Harrison practically agreed with

My. Fowler—working out the sum for himself and producing a

result of £36 15s. per mile, or within five shillings of Mr. Fowler's

estimate of £37 per mile. Mr. Bruce, indeed, allowed only £33 per

mile, differing therein both from Mr. Fowler and Mr. Harrison, and

still more widely from Mr. Hawkshaw, who put down £100 per

mile on the same account ; so that, having here three to one

against him, Mr. Thornton concluded that Mr. Bruce must give

way. On the subject of bridges, Mr. Harrison admitted that he

had no means of judging whether Mr. Hawkshaw's £50 per mile

or Mr. Fowler's £83 per mile were right, but Mr. Harrison added,

that he was disposed to err on the right side—to wit, that of

superior strength, and therefore that he inclined to Mr. Hawk-
shaw. Kow Mr. Thornton, feeling conscientious scruples against

erring on either side, had gone midway between Mr. Fowler's

estimate and Mr. Hawkshaw's estimate, and so had arrived at £66

per mile, and whoever bethought him of the proverb of his schoolboy

days, " In medio tutissimus ibis," would probably consider that in

so doing Mr. Thornton had selected the safest path. Mr. Bruce,

at any rate, said nothing about bridgework ; so it was to be sup-

posed that his silence might be taken for acquiescence.

Mr. Bruce remarked, that he had put the bridges at £20 per

mile, and given the details.

Mr. Thornton, In respect, however, to the far more important

items of sleepers and of ballast there was universal disagreement.
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Mr. Fowler on those accounts allowed £503 per mile ; Mr.

Hawkshaw, £200 per mile ; Mr. Harrison — if Mr. Thornton

rightly understood him— £257 per mile; Mr. Bruce begrudged

£126 10s. per mile. These varying figures were the results of

equally varying considerations, affecting sundry knotty points as

to which Mr. Bruce questioned the sense of Mr. Fowler's decision in

one instance, and denied it altogether in another. Such matters

were too high for Mr. Thornton's comprehension ; he did not

profess to be able to attain to them, though he should have a word
or two to say presently as to the wa}'- in which they had been

treated.

Intermediately, however, he must touch upon two or three other

matters. One was the saving on engineering and agency, respecting

which Mr. Harrison took no objection to the rate of 17^ per cent,

adopted 1 ^y IVIi". Fowler, neither did he deny that 1 7^ per cent, upon

£497 came to £87, the exact sum given by Mr. Fowler and accepted

by Mr. Thornton. Mr. Harrison proceeded, however, to observe

that there were certain details, such as the setting out of the line,

the preparation of plans and the estimate of all the works, the

cost of which would be the same whether the gauge were broad

or narrow, and upon the cost of which, therefore, the charge for

engineering would likewise be the same in both cases. Now, no doubt

upon all expenditure, common to both gauges, the same percentage

charge for engineering would come to the same thing for both

;

but why the narrow gauge should not save the whole charge for

engineering, in respect of an expenditure of £-197 per mile, which
was not common to both gauges but which applied to the broad

gauge alone—why, as Mr. Harrison said, a large deduction should

be made from the saving of £87 per mile claimed by Mr. Thornton
on that account, Mr. Harrison did not explain ; and what was still

more in need of explanation was that Mr. Bruce, though professing

to follow Mr. Harrison, was not contented with insisting on a large

deduction, but required Mr. Thornton to leave out the saving alto-

gether. The truth was that, instead of reducing, he ought greatly

to have increased his claim for engineering. He ought really

—according to Mr. Harrison—to take 17^ per cent., not merely on

the £497 per mile aforesaid, but also on the sum total, amounting

more nearly to £1,000 per mile of all the savings, other than those

for engineering and agency, with which he had shown that the

narrow gauge ought to be credited.

Then, at Mr. Hawkshaw's suggestion, he had taken for reduced

cost of annual repairs of a narrow gauge line £10 per mile, and

had capitalised that annual saving at twenty years' purchase

—
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thereby obtaining a total on the item of £200 per mile. Mr. Har-

rison approved of tlie rate of £10 per mile, but both he and Mr.

Bruce disapproved of its capitalisation on the ground of its not

bein"g an ingredient in first cost. But surely, supposing the price

of a perpetual annuity of £10 to be £200, it made no difference

whether £200 were paid down at once or £10 per annum were paid

for ever afterwards, or, conversely, whether £10 per annum were

saved for ever or £200 were saved at once. But if so, Mr. Hawk-
shaw was, Mr. Thornton submitted, perfectly right in that respect,

and Mr. Harrison and Mr. Bruce were right only so far as they

agreed with Mr. Hawkshaw.
Then came the vexed question of curves. Under this head Mr.

Fowler had allowed nothing, because, as he said, in his own prac-

tice, in this and in other countries, he had never met with even a

single case on which he should have adopted a different curve

merely in consequence of gauge. Mr. Hawkshaw, however, even

when estimating for a narrow-gauge extension of the Eastern

Bengal railway through an almost level country, had allowed £200

per mile for the saving by use of sharper curves ; though it was
true, he now said, that he never expected so large a saving to

be realised. !Mr. Harrison also expressed a doubt whether this

saving of £200 per mile could by any possibility be applied to the

whole 10,000 miles of railway to be made in India ; thus, by
implication, intimating that Mr. Thornton had so applied it

;

while Mr. Bruce likewise left out the £200 per mile, which he,

too, supposed to have been added by Mr. Thornton for curves,

because he knew that " in ninety-nine cases out of one hundred in

India, in the matter of such curves as they required, they would

not save anj'thing at all." Upon all which Mr. Thornton had first

to remark, that not £200 per mile, but only £100 per mile, or

only one half of what Mr. Hawkshaw, two years ago, calculated

might be saved, by means of sharp curves, even in the dead level

of Northern Bengal, was added by Mr. Thornton as the probable

average on 10,000 miles of railway, a considerable portion of which

would traverse exceedingly hilly and even mountainous country.

He would now mention one or two facts, which might perhaps

suggest that Mr. Harrison and Mr. Bruce had been somewhat hasty,

in deciding that there was no difference as to curves between broad

gauge and narrow gauge, and that Mr. Hawkshaw had been equally

hasty in abandoning the more correct opinion on the subject

which he until lately entertained. Mr. Thornton supposed he

might assume that on none of the existing broad-gauge lines of

India were the curves anywhere sharper than on the Thull and
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Bliore Ghaut sections of the Great Indian Peninsula line, where
the sharpest curves were only 15 chains radius —of which, more-

over, there were but 2, all the rest being of at least 20 chains radius

— and where, by-the-way, there were more than 2J miles of tunnel-

ing; and the average cost of construction was between £48,000 per

mile and £49,000 per mile. Now on the Punjab Northern rail-

way, there was a section 70 miles in length, between Jhelum and
Eawal Pindi, described as " wild, hilly, and broken to an extent

rendering a railway a most formidable undertaking." On that

section, while as yet it was supposed that the standard, or 5 ft. 6 in.,

gauge was to be adopted, the Engineer who surveyed the section,

assuming a radius of 20 chains as his minimum, reported that

extensive deviations of 22^ miles in all would have to be made.

The same Engineer, however, having been thereupon informed

that the metre gauge, and not the standard gauge was to be

adopted, and that his ruling curve was to be 4^ chains radius,

made a new survey, and then reported that it had been found prac-

ticable to reduce the 22j miles of deviations previously deemed
necessary to little more than 2^ miles ; and that this had been

done without going below a 5 chains radius, of which, however,

there were 1 9 curves. What had here been the consequent saving

Mr. Thornton would leave others to calculate ; but no doubt it

must have been something very considerable indeed ; and in all

probability still more considerable savings of the same kind had

been, or would be, found practicable on the Ghaut sections of the

Indore and Carwar lines, where much wider scope for sharp cur-

vilineation ought, apparently, to be afforded than on the worst

portions of the Punjab northern line. He might however mention

that on the Carwar line there was, in one place, an unbroken incline

of 1 in 40, which extended for nearly 4 miles, with curves of 5 chains

radius ; those curves of course implying an immense saving in the

heavy work, which the standard-gauge curves of 15 chains radius, or

20 chains radius would have necessitated. Tt was quite clear, then,

that on Indian metre-gauge lines generally there must be some

sensible average saving per mile by reason of curves. Very likely

that saving might be a good deal below the £200 per mile, at which

it had been hypothetically put by Mr. Hawkshaw, who, however,

in suggesting that amount, was clearly much nearer the truth than

Mr. Harrison and Mr. Bruce, who put it at nothing. Whether
Mr. Thornton, in putting it at £100 per mile, or as nearly as pos-

sible half-way between nothing per mile and £200 per mile, was
not likely to be nearest of all to the truth was a question on

which modesty forbade him to decide.
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In answer to a question by Mr. Harrison as to the authority

upon which he had stated that 20 chains radius was fixed as the

minimum, Mr. Thornton explained that it had not really been so

fixed, but that the Engineer thought it was. On the Bhore Ghaut,

of the Great Indian Peninsula railway, the sharpest curve was

15 chains radius, and there were only two such, none of the others

being below 20 chains radius.

Returning to the items of sleepers and ballast, what hopeless

discord of opinion was there exhibited ! Mr. Hawkshaw differing

widely from Mr. Fowler, and Mr. Harrison and Mr. Bruce dis-

agreeing between themselves in all else, and agreeing only in pooh-

poohing Mr. Fowler, and by implication Mr. Hawkshaw also.

Well, very likely Mr. Fowler, if he had been present, might in his

turn have pooh-poohed Mr. Harrison and Mr. Bruce. But what
construction was an impartial outsider to place on such universal

pooh-pooing—what but that in all probability there was on the

whole very good cause for it ? Of the four eminent Engineers con-

cerned in it, every one was completely at variance with all the rest.

Only one, therefore, out of the four could possibly be in the right,

while the other three must necessarily have been in the wrong ; and

the odds were that all four were in the wa'ong, since there were no

three amongst them who did not pronounce the fourth to be so. At
any rate, eminent as all four authorities were— ' engineering giants,'

as Mr. Danvers, without much exaggeration, had styled them—no

one of them could prudently be here accepted as a guide, except in

so far as his dicta were borne out by fact. But of fact, unfortu-

nately^, there was very little available ; Mr. Bruce alone having

hitherto attempted to adduce any. The latter gentleman, how-

ever, having obtained the estimates for 216 miles of metre-

gauge railway, described as in process of construction in the

south of India, had examined those estimates to see what would

be the extra cost of making the railway on the broad gauge, and

he had calculated that the extra cost per mile would be £27 10s.

for ballast and £99 for sleepers. This he said was not an idea but

a fact. How was it a fact ? The only fact apparent was, not that

the thing was so, but that he had calculated that it would

be so. But might it not possibly be equally the fact that he had

made a miscalculation ? By reducing to a minimum the saving

on a variety of other items, as well as sleepers and ballast, and

by ignoring some important items altogether, he made out that the

diflerence of cost, between the metre gauge and the standard gauge

in one special locality, would be under £200 per mile, and then ho

assumed that the same would be the total average saving all over



STATE BAILWAYS OF INDIA. 447

India. But to the one single, so-styled, fact appealed to by Mm
in support of tliat view, Mr. Thornton was in a position to oppose

a counter-fact of the same description, hnt much stronger of its

kind. In another part of India, namely, in the Punjab, the diifer-

ence of cost between the metre gauge and the standard gauge for the

lines between Peshawurand Lahore, andbetween Mooltan and Kotree,

had quite recently been estimated, not by Engineers in England,

man}^ thousands of miles off, but by Engineers on the spot, and by

Engineers, too, whose predilections were by no means in favour ofthe

metre gauge in that quarter, and the result had been to show that

the standard gauge would cost £721,000 more than the metre gauge.

But £721,000, divided by 773 miles—the aggregate length of the

lines estimated for—gave, not Mr. Biiice's £200 per mile, but £930

per mile
; just £70 per mile less than the £1,000 per mile claimed

by Mr. Thornton. But Mr. Bruce's total being thus presumably so

very far below the reality, the separate items, or some of them, com-

posing that total must be presumed to be equally erroneous. Either

he must have materially understated the savings on sleepers and

on ballast, or some others of the savings which he had allowed, or

there must be some items over and above those of engineering,

agency, maintenance, renewal and sharp curves, already specially

adverted to, which he had altogether omitted to take into account.

Whether his faults of commission or of omission were the more

important was not for Mr. Thornton to say. It was a matter

for theoretical investigaton, on which he should not venture

;

but setting theory on one side, one thing to which he desired

particularly to invite attention was that, so far as facts could be

brought to bear upon the matter, those facts were much more
nearly corroborative of his total saving per mile of £1,000, than

of Mr. Fowler's £860, Mr. Hawkshaw's £760, Mr. Bidder's £600-

Mr. Harrison's £400, or Mr. Bruce's £200 ; and further, that, though

Mr. Thornton's figures were nearest of all to the mark, Mr.
Fowler's were the second nearest.

In answer to a question, Mr. Thornton said the weight of the

rails was assumed to be 40 lbs. per yard in all cases.

Considering his fundamental position to be thus far sustained by
fact, he did not think he shoiild risk much by asking the Meeting to

decidewhether that position had hitherto been damaged. Considering

how numerous, how able, and how outspoken had been its critics, he

might fairly take for granted that pretty nearly all that could be said

against it had already been said ; but would any one assert that it

had been in the slightest degree shaken ? Would it, at any rate, be

said that adequate reason—or, rather, the slightest shadow of reason
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—had been shown, why the figures of any one of his critics should

be substituted for his ? If it was thought there had, let him ask,

whose ?—which of the many utterly irreconcilable totals did the Meet-

ing prefer ? Was it Mr. Bruce's, or Mr. Harrison's, or Mr. Bidder's,

or Mr. Hawkshaw's, or Mr. Fowler's ? Probably time might be

necessary to determine. But while the mind of the Meeting was

being made up, it could not be denied that he was entitled to adhere

to his saving of £10,000 per mile or of £10,000,000 on 10,000 miles

;

nor, what was infinitely more to the purpose, that the Govern-

ment of India was likewise warranted in provisionally adopting

and acting upon those figures.

Here, as to the general question, the defence of the Indian Govern-

ment might be safely rested. Having reason to believe that to

construct the State railways on the standard gauge instead of

on the metre gauge would involve an additional expenditure of

£10,000,000, it might irreproachably decide not to make State

railways at all, rather than make them at such a cost. It might

irreproachably consider that it had done enough in taxing its

subjects to the extent of £1,600,000 per annum, for the 5,000

miles of railway already constructed, without, by constructing

10,000 miles more, increasing that load of taxation to £2,100,000

per annum. Many gentlemen present might think that, in so

deciding, Government would decide wrongly. Some gentlemen

present had distinctly intimated that the Indian tax-payer—" this

very pitiable and most interesting tax-payer," as in not quite the

best possible taste he had been designated—should be disregarded

in this matter. That, however, was a question which, as even those

gentlemen would probably admit, was one rather for the states-

man than the engineer, and one of which men with the states-

manlike qualities and experience of the Duke of Argyll, Lords

Lawrence, Mayo and Sandhurst, the late Sir Henry Durand, Sir

Henry Maine and Sir John Strachey were, on the whole, likely to

be more competent to judge than the purely professional tribunal

to which Mr. Lee Smith would refer it, even though that tribunal

were composed of the ' elite ' of the distinguished men who were

now sitting, or had hitherto sat, in the President's chair, or around

the council-table of the Institution he was addressing.

Even though it were established that, unless made of the standard

gauge, by an outlay upon them of an extra £10,000,000, the pro-

jected State railways would not adequately answer their purpose,

that might be a very good reason for making no State railways at

all; but it would be no reason for making the State railways

of the standard gauge. The same remark held good of a break
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of gauge. That a break of gauge was, abstractedly, a great evil,

was not denied. That it must sensibly impair the utility of

most of the projected State lines, was not denied. But even

though, instead of merely impairing, it altogether destroyed their

utility, it would not be a reason for making them of standard gauge.

In the actual circumstances of the case, the choice, as he had said

in the Paper, was not between a broad gauge and a narrow gauge,

but between a narrow gauge and no gauge—and no railway's.

Of course, however, he was not admitting that metre-gauge lines

would not, for all carrying purposes—in other words, for all pur-

poses whatever—answer perfectly in India. Scarcely any one who
had spoken in the course of the discussion denied it—certainly not

Mr. Bruce nor Mr. Harrison ; while General Strachey had stated

how the average daily traffic of the most heavily worked standard

gauge line in India—the East Indian line— could be carried on
the metre gauge by 12 trains each way, of 17 vehicles each, the

vehicles, too, being not more than half filled. True, as Captain

Tyler had objected, a railway should be adapted not for average

traffic, but for maximum traffic ; but then, Mr. Thornton would ask

Captain Tyler how soon he expected the maximum traffic of the

best of the projected State lines to exceed the average traffic of

the East Indian line, considering how comparatively poor and
thinly peopled were the territories proposed to be traversed by the

State lines ?

Mr. Thornton had already said, that break of gauge had no
proper connection with the larger of the two great subjects under
consideration, namely, that of the applicability of the metre gauge
for State lines generally. Nevertheless, it would be useful to cor-

rect some exaggerated notions of the disadvantages of the break of

gauge which had been deduced from English experience. Previously,

however, he was bound to make the ' amende honorable ' by correct-

ing a mistake of his own. He had been very properly taken to task
by Mr. Hawkshaw for assuming 4d. per ton to be pretty generally

considered to be the maximum representative, in cash, of the com-
mercial ill effects of a break of gauge ; for although in the report

of General Strachey, Colonel Dickens, and Mr. Eendel, he found
that rate given as a maximum, Mr. Hawkshaw, in his report,

said that the rate per ton was variously reckoned at 4d., 8d.,

and 1«. Mr. Thornton acknowledged his inadvertence, and
humbly apologised for it, though he would presently show it

to be of no consequence, in respect to the present issue. Some
persons present would not, however, be content with his cryino-
' peccavi ' to the extent merely of confessing t*hat, whether 4c?. per

[1872-73. N.S.] 2 G
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ton was, or was not, tlie maximum expense incident to break of

gauge, it was not in England admitted to be so. One gentleman,

if be recollected rigbtly, declared tbe evils of a break of gauge

to be simply infinite ; another, that they could not be estimated

in money ; while a third demanded whether, if 4r?. per ton

—

or anything like 4d. per ton—were their pecuniary equivalent,

it was likely that the English broad-gauge companies would, for

the sake of saving such an insignificant expense, have gone to the

enormous expense of relaying most of their lines on the narrow

gauge ? Well, he was quite sure they would not. They would

not have cared a jot, even though the cost per ton had been 4s.,

or £4, for that matter, instead of 4(Z., provided the traffic would

have consented to pay that rate for translading. What really

actuated the broad-gauge companies was not the expense of trans-

lading, but the impossibility of competing with the narrow-gauge

companies, which had no break of gauge, and no translading to

charge extra for ; and to render such competition impossible, not

4d. per ton, but one farthing per ton would have sufficed. A
farthing per ton would suffice to turn the scale in the eyes of

traders, who were considering by which of two rival lines they

would send their goods. But in India there was no idea of letting

the two gauges come into competition. There were not to be there

any standard-gauge lines and metre-gauge lines running from the

same point in the same direction. Goods brought by railway to

any station, at which the break of gauge occurred, and intended

to go on by railway, would have no choice but Hobson's. They must

either proceed by the metre gauge or by the standard gauge, as the

case might be, or they could not go on by railway at all, for there

would be but one gauge to go on by. The only question for the

trader would be whether, rather than pay the extra railway charge

for break of gauge, he would not send on his goods by road or

river, and there could not be much doubt in which way any trader

in his senses would answer that question. At any rate, the good

sense of the Meeting would at once decide that the extra railway

charge for translading would certainly not be so high as what the

trader would have to pay for transferring his goods from a railway

train to ordinary carts, or boats, or steamers.

Were there, however, no means of ascertaining with some

approach to precision what the extra railway charge consequent

on a break of gauge would actually be, in India? Captain Galton

apparently considered that there was some mystic connection

between it and the price of the goods afiected, and on that ground

he had contended that, instead of an amount of £850— at which, at
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the rate of 4d. per ton, Mr. Thornton had reckoned the charge for

translading 51,000 tons and upwards of salt and sundries at Lahore
—the amount should be at least £16,000. He really wondered that

Cai^tain Galton was not himself taken aback by his own figures.

Sixteen thousand pounds sterling—merely for removing about

three times that number of tons of salt from one set of trucks

to another set of trucks a few yards off ! It was very good natured

of Captain Galton to devise such freaks of fanc}^ for the amusement
of the Meeting ; but life was too short to allow of their being seriously

discussed. The Meeting could have a good laugh at them, and
then he would pass on. Only if Captain Galton should interpose,

to the effect that he was referring not to the mere cost of handling

goods, which was the only thing Mr. Thornton was speaking of,

but to the damage and injury to goods, incidental to a break of

gauge, repeating, on the authority of his salt-manufacturing friend

in the Midland districts, that one shilling's-worth of every thirty

shillings'-worth of salt transladen was spoilt in consequence, his

rejoinder would stand thus. What severer satire could possibly be

passed on English railway management? On Indian railways—

those at least which would belong to Government—it was to be

hoped things would be better managed. Proverbially inefficient as all

Government executive arrangements were, Government did not

despair of being able to devise some means of getting goods trans-

ferred from one train to another train close by, without one bale

or sack or ton in every thirty being spoilt or lost or plundered

during the operation.

Descending, however, from these imaginative flights to the solid

ground of fact, the Meeting had been told by Mr. Eendel, Consulting

Engineer of the East Indian railway, that on the Nulhatti offshoot

from that line the actual contract charge for translading from the

broad gauge to the narrow gauge, or ' vice versa,' was only 3d. per

ton ; and to this important piece of testimony Mr. Thornton was
able to add another, equally important and unimpeachable, derived

from another Indian railway—the Eastern Bengal—of which Mr.
Hawkshaw was Consulting Engineer. To and from Kooshtee, the

present terminus of that line on the river Ganges, a great deal of

traffic was carried by a steam flotilla belonging to the companj^
that portion of traffic, of course, breaking bulk at Kooshtee. Now,
in a report, dated in September, 1870, by Mr. Prestage, the

Eailway Company's agent in India, it was stated that the

quantity of goods breaking bulk being taken at 145,620 tons,

the mere handling of them, according to the actual rates paid at

Kooshtee, would amount to 30,580 rupees, or £3,058. Dividing

2 G 2
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this sum by tlie tonnago, the quotient wotild be a minute fraction

over 5d. per ton ; and this it would be observed was for translading,

not from railway train to railway train, but from river to rail, or

rail to river ; obviously a much more difficult and troublesome

operation. Wherefore, whatever were the extra charge for a break

of gauge per ton in England, whether 4d., 8d., or Is., or 6s., it was
clear that, in taking its maximum in India to bo 4(Z, per ton, just

half way between 3d. and 5d., he had, instead of understating,

rather overstated it.

This, however, being assumed to be the average rate, let it be

inquired what it would amount to on the whole 10,000 miles of

projected State railways—and here ho would interpose that these

10,000 miles were not a mere myth ; he could assure Mr. Berkley he

could show him projected lines which, taken together, would make
up 10,000 miles. •5^ On the 5,000 miles, almost entirely broad gauge
and guaranteed, already open for traffic, the total quantity of goods

of all descriptions carried in the year 1871 was, according to Mr.
Danver's official report, 3,330,000 tons. That was the whole traffic

of every description carried by all the guaranteed railways in

India. Now no one could reasonably expect that, on the 10,000

miles of State railways, the aggregate annual traffic would for

years to come amount to that, still less that it would become twice

that traffic. Nevertheless, what no one could expect, he would, for

the sake of argument, suppose. He would suppose that, not at some

distant date, but immediately on their being all opened, the aggre-

gate annual traffic would be not 3,330,000 tons, but 6,600,000 tons.

Again, no one could expect that nearly so little as one-half of the

aggregate traffic would be local traffic—that was, traffic not passing

from the metre-gauge lines—or therefore, that nearly so much as

one-half would be through traffic that would have to break gauge

on exchanging to or from the standard gauge. Yet, once more

—

what could not be expected—he would, for argument's sake, suppose,

^ Foot-note added hy Mr. Thornton, on the 1th of May, 1S73.

I am sorry to find myself, on further inquiry, obliged to admit

that this was a considerable over-statement. The Indian Govern-

ment did certainly in March, 1869, represent to the Secretary of

State that about 10,000 miles were then wanting, in addition to

the 6,000 miles already constructed or in process of construction,

to provide India with a complete network of railwajs, but of

those 10,000 miles, not more than 3,000 have as yet been actually

marked out.—W. T. T.
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namely, that not less than 3,300,000 tons would have to break gauge.

Yet even under these almost impossible suppositions, £50,000 per

annum would, at the rate of Ad. per ton, be the utmost expense

consequent on break of gauge. But on the £10,000,000 which

he had shown to be the probable saving consequent on the adoption

of the metre gauge, the interest at 5 per cent, was £500,000. On
the £6,000,000 which, according to Mr. Bidder, would be saved, it

woiild bo £300,000. On Mr. Harrison's £4,000,000, it would be

£200,000. Nay, even on Mr. Bruce's £2,000,000, which nobody

but himself, not even Mr. Harrison, considered more than one-half

the proper amount, it would bo £100,000. What doubt, then, that

the Indian Government were right in not sacrificing the equivalent

of, at tho very least, £100,000, and almost certainly £500,000, for

the sake of saving an expense of only £50,000 per annum ? If

there were any doubt, there was one consideration that ought to

remove it. Tho very lowest of these estimates, even Mr. Bruce's

paltry £2,000,000, put out at interest, would in 4 j^ears or 5 years

accumulate to the amount requisite, at £500 per mile, for taking up

and relaying, on the metre gauge, the whole existing 5,000 miles of

guaranteed lines, should the break of gauge between them and the

State lines ever turn out to be a serious disadvantage. And if it

would thus happen, even with Mr. Bruce's £2,000,000 how would it

bo with Mr. Harrison's £4,000,000, or Mr. Bidder's £6,000,000, or

with Mr. Thornton's £10,000,000? Why, according as one or

another of those turned out to be the nearest approximation to tho

real amount, the present broad-gauge lines might all be relaid on

the metro gauge, and the break of gauge be got rid of, and

Government would nevertheless find itself with £2,000,000,

£4,000,000, or £8,000,000 more in pocket than it would have done,

if it had avoided break of gauge by making its State lines on the

standard gauge.

Thus much for the general question ; to which succeeded the

special one, whether there were in the Punjab any circumstances

so exceptional as to render the considerations, hitherto set forth,

inapplicable to that province. Upon this point, his most prominent

antagonist was his ingenious friend Mr. Lee Smith, who began by
intimating that he had devoted much study to the subject, and

could give a good deal of information regarding it, not generally

known, and who certainly did treat the Meeting to one or two

novelties. Any shareholders in the East Indian railway, who hap-

pened to be present, must have pricked up their ears on being told

by him that a section of 81^ miles in length of their line, of which he

had responsible charge, was constructed for £6,160 per mile ; and
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44 miles for exactly £5,370 per mile. Knowing, as they did but too

well, that whatever their railway might have cost, they at all events

had been charged for it more than £20,000 per mile, they might

naturally be curious to know what had become of the odd £14,000

per mile, and they had better perhaps call upon their Engineers,

or whoever else was responsible, to explain. Some others of the

details entered into by Mr. Lee Smith were considerably more re-

condite than apposite. He blamed the Government for resolving

to utilize as much as possible for railway purposes the trunk

road already constructed at very great expense between Lahore

and Peshawur, notwithstanding that he had recommended quite

a different line, which would have left this trunk road unused

and useless, and have converted its cost into so much money thrown

away. Again, he blamed Government for deciding that part of the

Indus Valley line should be on the right bank of the Indus, not-

withstanding that he, with curious infelicity, stoutly maintained

that the right bank was the wrong one. Further, he proved to

demonstration that if Mr. Thornton's figures or Mr. Fowler's

figures were compared, not with their own figures, but with General

Strachey's figures or somebody else's figures, the comparison would

not bring out the same results as if it had been made with their

own figures. To show how little all this had to do with the posi-

tion taken up in the Paper, it might have sufficed simply to

repeat what that position was. Mr. Thornton need not, however,

do even that. Most of what he might call Mr. Lee Smith's financial

criticisms might be still more summarily disposed of. Within

the last few days there had been received from the Government of

India a despatch, in reply to one from the Secretary of State,

forwarding for report certain representations of Mr. Lee Smith,

to the effect that Government, by letting an anonymous Contractor,

whom he knew of, make the Punjab lines on the broad gauge

instead of on the narrow gauge, would absolutely save money.

The following were extracts from that despatch :

—

" In regard to the real cost of changing now from the metre to

the 5^ feet gauge, we have received the follovsdng report from our

Consulting Engineer for State railways, which is concurred in by

our other professional advisers :

—

" I have carefully gone into the question of comparative cost of

the two gauges, and, taking into consideration the work already

done, the results are given in round numbers as follows :

—

" Amount by which a railway with an unbroken gauge of 5 feet

6 inches will exceed the cost of a metre gauge line, from Kur-

rachee to PeshaT^mr."
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The comparison was made with both 60 lbs. rails and 40 lbs.

rails ; but as it was now admitted on all hands that the yet
unexecuted portions of the Punjab system must have light rails,

Mr. Thornton would trouble the Meeting with only that portion

of the estimate relating to the 40 lbs, rails :

—

Railwat. Wltb 60 lb. With 40 lb.

rails.
;

rails.

Iiidu.s Valley railway
Lahore to Jhebim .

Jhelum to Peshawur

Total ,

£ £

1,021,900
:

531,900
376,900 135,700
757,400 : 494,000

2,156,200 > 1,161,600

Deiluction for third rail and additional rollinir-) „„„ r^r^,^^', A.r. ^^.^

stock .\\
C20,000>j 440,000

Net Excess £1,.536, 200 I 721,600

" The structures with the 60 lb. rails are intended to suffice for

ordinary broad-gauge engines, as well as for carriage and wagon
stock ; those with the 40 lb. rails are intended to suffice for broad

gauge carriage and wagon stock only.

" The estimate includes the entire loss which would accrue from

the abandonment of works on the lines in progress, but presumes

that all rails, girders, &c., suited for the narrow gauge, can be

made use of elsewhere in India.

" We believe your Grace may rely on this estimate as giving

as nearly as possible, without entering upon surveys and very

minute calculations, the probable cost of altering the gauge of these

lines at the present time. It will be seen that the result differs

entirely from that arrived at by Mr. Lee Smith, and that the figures

given do not (for the reasons above explained) admit of detailed

comparison."

In the Paper, the total net saving claimed for the Punjab system

was £532,823, but it had now been ascertained to be at least £720,000,

or nearly £200,000 more than Mr. Thornton had reckoned upon. He

' " This is the estimated cost of layiug a third rail on the lines between Kur-

rachee and Kotree, and between Lahore and Mooltan, and of providing additional

rolling-stock for military emergencies. If the broad gauge were adopted with

60 lb. rails, the whole estimated sum of £620,000 would be deducted. If the rail

be of 40 lbs. weight, tlie heavy engines of the guaranteed lines could not travel on

the rails, and the portion of the deduction calculated for the engines could not be

made. A reduced reduction is tlierefore made for that case."
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might naturally be expected to be well content with so large and
unexpected an addition to his original claim, but he was not so. His

appetite had, he supposed, grown by being fed. The saving esti-

mated by the Government Engineers had been reduced from

£1,161,000 to £720,000 by deductions for third rails and additional

rolling-stock, but the greater part of those deductions he believed

he could show to be quite uncalled for. In the Paper he had con-

tended that no additional rolling-stock would be required by reason

of the metre gauge on the Lahore-Peshawur line ; since, whether
the gauge were the standard gauge or the metre gauge, to whatever
quantity of rolling-stock were needed for ordinary traffic, addition

would equally have to be made for extraordinary emergencies ; and
no one had ventured to impugn so palpable a truism. Even Mr. Lee
Smith had shrunk from running his head against that post. Mr.

Thornton had further contended that, on the Lahore-Mooltan line,

the aggregate of rolling-stock would not need to be augmented in

consequence of the creation there of a mixed gauge ; because, in his

oj)inion, to whatever extent the metre-gauge rolling-stock was pro-

vided, the broad-gauge stock would become superfluous and might be

dispensed with. But here, he confessed, he was fairly caught trip-

ping by Mr. Harrison, who, with no more than just severity, re-

marked th^t, as the merest tyro in railway management ought
to know, more rolling-stock would practically be sure to be

wanted on a railway, if the traffic were divided between trains of

two different gauges instead of being all despatched by vehicles of

one and the same gauge. Even Mr. Thornton, who would be

too much honoured by being termed a tyro, must own that he

ought not to have overlooked a point so obvious, and taking shame
to himself accordingly for the oversight, would now do his best to

repair it. Since in the circumstances supposed, some more rolling-

stock would plainly be required, let it be inquired, how much more ?

The Lahore-Mooltan line having, let it be supposed, become a mixed
gauge, and been adequately supplied with metrC'^gauge stock, the

quantity of broad-gauge stock required, in addition, would of course

depend upon the proportion of traffic that would be required to be

despatched by broad gauge. Kow the traffic that must necessarily,

or rather that could preferably, be so sent, was plainly only so much
as having either originated in, or being destined for, jilaces east-

ward of Lahore would have to pass through Lahore. For all

the rest of the traffic, for all, that both originated in, and was
destined for, places between Lahore and Kurrachee, the metre gauge

would serve just as well, and for much of it very much better than

the broad gauge—just as well for all traffic both originating in,
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and stopping at, places north of Mooltan ; very much better for all

traffic either originating in, or bound for, places south of Mooltan,

and which if sent by the broad gauge would have to break gauge

at Mooltan. Very well then, the traffic requiring to be sent by
broad gauge would be such only as required to pass through Lahore.

But, although there had for some time been continuous broad-gauge

railway communication between Mooltan and the whole region east-

ward of Lahore, the portion of the annual goods traffic of the

Labore-Mooltan section passing in either direction through Lahore
was at present only 12,930 tons; neither, indeed, could it be esti-

mated at nearly so much, except upon the highly improbable sup-

position that the whole of the existing traffic between the Punjab
and the territory to the eastward was carried by rail, and none of

it by river or common road. Taking it, however, at 12,930 tons,

that was the whole amount of traffic on the Lahore-Mooltan line,

for which, in order to save it from the necessity of breaking gauge,

it would be necessary to provide standard-gauge rolling-stock. 'But

12,930 tons distributed over 313 working days gave an average

of only 41 tons a day, or about 4 standard-gaiige-wagon loads.

Of the whole existing quantity of such stock, therefore, only

6 wagons, or say at the utmost 12 wagons, together with propor-

tionate engine power, would need to be reserved ; all the rest might
be replaced with metre-gauge stock, and be disposed of by sale

to some other broad-gauge railways ; the guaranteeing Government
which wovild have to bear any loss, consequent on such sale, being

to a great extent, if not completely, indemnified by the correspond-

ing gain obtained by the purchasing railway.

After all, then, it seemed that, though theoretically wrong with
regard to the Lahore-Mooltan section, he was practically all but,

and should have been quite, right, if, instead of saying that

neither for it, nor for the Lahore-Peshawur line, need one penny
of expense be incurred for extra rolling-stock, he had said that

some £5,000 or £6,000 would be the utmost expense needful on that

account. All, therefore, beyond this mere trifle that the Govern-
ment Engineers had deducted from the first total of savings in

their recent estimate, ought now to be restored, in order to bring

back that total to its proper amount. But that was not all. If,

when, by the laying of a third rail, the Lahore-Mooltan line had
become mixed gauge, there would be next to no traffic to travel upon
the broad gauge, what use was there in laying a third rail ? Why
not, instead, take up the permanent way and relay it on the metre
gauge, thereby saving the difference of cost between the two ope-

rations, which he had seen estimated somewhere at £783 per mile
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or at £167,462 for 214 miles, and obtaining the latter sum as a

further additional saving ? Among other recommendations of this

plan, was that they should thereby get rid of what Mr. Lee Smith
called the " third leg to a pair of breeches." The double gauge pro-

posed by Mr. Fowler for the section between Lahore and Mooltan
ought really to have been likened to a pair of breeches with two
legs. The problem, according to Mr. Lee Smith, would be to

divide at Mooltan, between the broad gauge and the narrow gauge,

the goods brought thither from the southward, by a single narrow-

gauge line ; and this problem he pronounced insoluble by any
ordinary station-master. It did not occur to him that the

problem might have been solved beforehand by the station-masters

at places south of Mooltan. He took it for granted that the

station-masters would be too stupid to think of putting goods

intended to go beyond Lahore into one set of wagons, and the

goods intended to stop short of Lahore into another set. Truly,

if the generality of station-masters, on the existing Indian rail-

ways, were no greater geniuses than those with whom he seemed

to have come in contact, it was perhaps a good thing that

their traffic had hitherto been so much less than was originally

hoped for. With anything like the English average of traffic they

would apparently have been at their wits' end.

To return—enough had been said to show that, so far from

half a million, or three-quarters of a million pounds sterling being

an over-statement, the real saving consequent on the adoption of

the metre gauge for the whole Punjab system was not unlikely to

be a good deal over a million pounds sterling, nearer perhaps

to the figures of General Strachey than to those of any one else.

Little, then, remained but to determine whether, or how far, this

pecuniary saving would be counterbalanced by the evils attendant

on a break of gauge. Here, at the outset, Mr. Thornton must

take leave to remark that much of what had been said by the

Astronomer-Eoyal, by Mr. AUport, and others as to the com-

mercial evils of the break of gauge, although perhaps perfectly just,

was also perfectly irrelevant. Keither, Mr. Thornton must own,

however convincing it might have seemed to others, was he

always convinced by it. When, for instance, Mr. AUport imagined

the case of a narrow-gauge truck load of 5 tons or 6 tons of goods

having to be transferred to a broad-gauge truck, capable of carrying

10 tons, it occurred to Mr. Thornton that for the waste of space and

increase of dead weight that would then take place, there might

not impossibly be full compensation when, the circumstances

being reversed, the freight of an only half filled broad-gauge
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truck was transferred to a narrow-gauge truck, which it would

completely fill. Again, when Mr. Allport spoke of eight millions or

nine millions of tons of coal being annually carried on the English

Midland line, Mr. Thornton did not fail tacitly to admit that if

there were the slightest chance of that quantity of coal, or salt, or

anything else, having to hreak gauge at Lahore, it would be well

worth while to spend not one million, but two millions, or three

millions extra, in order to prevent the indescribable block there-

upon inevitable. But at Lahore, at which place alone, if the section

between it and Mooltan was relaid, as he had suggested, there

would be a break of gauge, there would, as could be shown by appeal

to indisputable facts, be no question of eight million tons, or nine

million tons, but only, at the very oiitside, of some sixty thousand

tons. He found, indeed, with reference to what he had said on

that point, that a deservedly-esteemed journal, " Allen's Lidian

Mail," remarked that he made no allowance for the certain growth

of traffic from the Punjab to various parts of India as new lines of

railway were opened out. But he begged to say that, so far from

making no allowance, he allowed very nearly a four-fold increase

on that account. He found, speaking of the country between

Lahore and Peshawur, the total traffic passing annually through

Lahore from either east to west, or west to east, to be only 526

tons, exclusive of salt, or 13,526 tons, inclusive of salt; and he

assumed it, immediately after the completion of the railways, to

spring up at once to 51 ,052 tons, inclusive of salt. He did not really

believe it would become anything of the kind. That continuous

railway communication from Peshawur to Kurrachee would im-

mensely develop both the internal traffic of the Pi;njab, and also

its external trade through Kurrachee, and with the country west

of the Indus, he had no manner of doubt, and he heartily con-

gratulated Mr. Andrew on the brilliant future in store for those

jjortions of that continuous line of which he was Chairman,

when l^is sections, relaid on the metre gauge at the charge

of Government, and, therefore, with their working expenses ma-
terially reduced, should at length receive free, gratis, and for

nothing, abundant accessions of commerce, brought to them from

both directions by the no-longer missing link. Whatever other

people might think or feel, the shareholders in Mr. Andrew's

Company, at all events, would have reason to congratulate them-

selves that sections sure to be unremunerative themselves, but

calculated to render the Company's sections remunerative, would

have been made at the cost, not of the Company but of the public.

But that ver}'^ little, if any, of this new trade would pass through
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Lahore was as certain as that the trade itself would arise. Why
should it ? Of what description was the existing through traffic

at Lahore? On examining the statistical tables, to which he

had referred, it would be found that of its paltry total of 526 tons,

exclusive of salt, passing towards Peshawur, or ' vice versa,' a good

deal more than one-half consisted of imports from Calcutta to

Peshawur, Eawal Pindi, and Dera Ismail Khan, no doubt chiefly

European supplies for the use of the European inhabitants of those

outposts. But of mutual interchange of indigenous products

between the territories east and west of the rivers Eavee and

Sutlej there was almost nothing, nor so long as the industry of the

territories remained chiefly agricultural was there likely to be any

change ; for to send farm produce of almost any kind, in- either

direction, from one side to the other, would be like sending coals to

Newcastle. Salt had hitherto been the only article interchanged to

any extent, and even of that the interchange was more likely to

diminish, than to increase when the State railways in progress

should freely circulate the salt of the Jhelum mines throughout the

Punjab, and the salt of the Sambhur Lake throughout Eajpootana.

It thus turned out that, on the supposition of there continuing

to be broad-gauge communication from Mooltan through Lahore,

he was fully warranted in taking £850 per annum to be the full

pecuniary equivalent of the commercial evils of the break of gauge,

although if, as he had suggested, the Lahore-Mooltan section was

made on the metre gauge, 1 2,930 fourpences, or £210 would have to

be added, raising the £850 per annum to £1,060 per annum. In

regard to the strategic evils, he had had the satisfaction of hearing

all he said borne out, and more than borne out, by that highest of

all authorities, Lord Lawrence, who had shown the Meeting that,

so far as military movements were concerned, it would practically

matter little if there were three breaks of gauge, or four breaks of

gauge. In fact, however, there need be biit one break of gauge,

namely, at Lahore. Now, no doubt, this single break might suffice

to present an insuperable obstacle to the rapid passage of troops and

munitions of war through Lahore. No doubt if, as supposed by

Mr. Brunlees, an army with its baggage, commissariat, ammu-
nition, and artillery accompaniments, was to be brought thither

by the broad gauge with the view of being passed on forthwith by

the narrow gauge, the confusion would be indescribable—scarcely

imaginable even by those who had visited Waterloo station on

the day of a Volunteer review at Wimbledon. And so similarly of

Mr. Allport's hypothesis of 20,000 soldiers, or 30,000 soldiers,

with horses and equipments, having to be rapidly shifted from
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one set of trucks to another. If there were the smallest chance of

such a contingency it would be penny wisdom indeed to suffer

a break of gauge at Lahore, for the sake of almost any pecuniary

saving. But his contention was that no such contingency could,

by any possibility, occur. Although there would be a break of

gauge at Lahore, neither troops, nor munitions of war, would
ever have occasion to break gauge. Lahore being, in case of an
invasion, made—as he was confirmed by Lord Lawrence in assum-

ing it would be made—the basis of operations, and depots and
magazines of all sorts being established there, it would become the

starting point for all troops and munitions proceeding westward
or southward into the interior of the Punjab ; while from Lahore,

westward or southward, there would everywhere be uniformity of

gauge. His argument, in short, was, that all forward military

movements would commence in advance of the break of gauge ; so

that, in regard to them, there would be no break of gauge. Now
this argument was surely decisive, if it could be maintained, and
against it not a syllable had been said by any one but Captain

Galton; and what did he say? why, that a railway enabled an

army to dispense with the formation of large magazines in its

neighbourhood, for that it enabled them to draw supplies from

almost unlimited distances ; and Captain Galton proceeded to

speak with admiration of the excellent arrangement for that

purpose made by the Germans during the late war with France.

But did Captain Galton really mean that the Germans had no maga-
zines at Mayence and Coblentz, and the rest of their nearest line of

fortresses, and that, whenever a gun was dismounted in the trenches

before Metz or Paris, they had to wait until another could be brought

up from Magdeburg or Berlin ? If so, no wonder the Germans could

not force their way into Metz or Paris. Greater than ever was the

wonder that the Parisians, or, at any rate, the Metzians, did not

break through the German lines. It would, he feared, go ill

with the Government if a British general, in the field near the

Bolan or the Khyber Pass, had no depots, at least as near as

Lahore, to draw upon, but, whenever guns or gunpowder failed,

he had to send for them to Ishapore or Kirkee. Captain Galton

further pointed out, that forward movements were not the only

ones to be provided for, but that return movements likewise, and

particularly those of the wounded, were to bethought of; but time

pressed, and Mr. Thornton would therefore pass very lightly

over what Captain Galton had said on that head. It really did not

matter whether it was true or not that four wounded men and a

nurse might be placed in a broad-gauge wagon, while in a narrow-
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gauge wagon there would be room for only two men and a nurse.

All the nursing in the world would avail little for whole trains full

of sorely-wounded men, incapable—to use Captain Galton's words

—of moving hand or foot, who, after being brought from Peshawur

or Dadur by rail to Lahore, were not allowed to alight there, but

were sent on without stopping to hospitals at an unlimited distance.

Graveyards would serve as resting-places for most of the unfor-

tunates so thoughtlessly treated, long before they reached those

far-away hospitals.

There were but two points more to which it was necessary to

allude. One was the capacity of the metre-gauge vehicles to carry

the field artillery that would be needed for a campaign on the

frontier ; the other was the numerical sufficiency, on extraordinary

emergencies, of the rolling-stock of the Punjab railway system, cut

off, as it would be, from borrowing from the broad-gauge railways

of the rest of India. With regard to the first, Major Williams,

of the Eoyal Engineers, Assistant-Secretary to the Govern-

ment of India, in the Railway Department, had intended to

speak, and was prepared to prove the case of Government, by
detailed measurements and calculations. Major Williams was,

however, he was grieved to say, prevented by what had been

a dangerous illness from attending the discussion ; and in his

absence I\lr. Thornton could only suggest that, whosoever had
any doubts on the subject, should accept Mr. Eendel's challenge,

and, going to Lancaster, should get his doubts removed by
personal inspection of the metre-gauge carriages, which were

there awaiting shipment to India. Gentlemen might also do well

to recollect what had been said by Mr. Douglas Fox of the width

to which narrow-gauge vehicles might safely be extended, on the

Canadian narrow-gauge stock, which were identical in width

with the Indian broad-gauge stock, and it would be seen how,

if it were deemed desirable, stock of the same width might be

adopted on the narrow gauge of the Punjab.

With regard to the second point, Mr. Thornton repeated that, even

though the Punjab lines were of the same gauge as the generality of

the existing Indian lines, the heavy engines of the latter could not

travel on the light rails of the former, without soon destroying them.

To this Mr. Bruce, indeed, replied that they could do so, provided

only they traveled slowly enough. But Mr. Bruce forgot that

the sole object in borrowing stock on military emergencies would

be that of getting troops and stores moved on with extra rapidity,

an object which would scarcely be answered by placing them in

trains hauled by engines forbidden to travel except at a snail's pace.
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The remarks in tlie Paper upon the needlessness of borrowing

rolling-stock from other railways, even if such borrowing were

possible, had been curiously twisted, by Mr. Lee Smith, into an ad-

mission on Mr. Thornton's part that the rolling-stock of the Punjab

would be insufficient, unless it were supplemented by borrow-

ing; and Mr. Lee Smith had proceeded to fortify this interpreta-

tion of Mr. Thornton's language by independent considerations.

Mr. Lee Smith throughout his speech, although exhibiting gi-eat

imaginative and reasoning power, had betrayed at the same time

a somewhat defective memory. He was continually fancying

Mr. Thornton to have said things which it had never occurred to

any one, but to Mr. Lee Smith, to say, and had then gone on to prove

those things to be very ridiculous, forgetting that it was he alone

who had put them into Mr. Thornton's mouth, and that there-

fore it was Mr. Lee Smith's nonsense, not Mr. Thornton's nonsense,

that Mr. Lee Smith was refuting. He would have it, and would not

be set right, that, when Mr. Thornton said that with the quantity

of rolling-stock proposed for the whole Punjab system, 12,000

men might be sent in a week from Lahore to Peshawijr, he

had further said that this might be done with only 2 trains a

day. Mr. Lee Smith would have it that, if Mr. Thornton had not

said this, he must, at any rate, have meant it; for that Mr.
Lee Smith could prove that the whole rolling-stock would not

suffice for more than two trains. Mr. Lee Smith's proofs were
given thus :—12 trains a day, of 30 metre-gauge vehicles each, or

360 vehicles altogether, would be required for the transport of 1,000

fully equipped men per day, or for 7,000 men per week. 11,000 men
would therefore require 560 vehicles. Now, the whole length of rail

from Peshawur to Kurrachee being in round numbers 1,100 miles,

its aggregate rolling-stock, at the rate assumed by Mr. Thornton and
understood to be proposed by Government, namely, 1 engine and 30
vehicles per 13 miles, would be 84 engines and 2,538 vehicles,

which latter figure, divided by 30 vehicles—Mr. Lee Smith's allow-

ance of vehicles for 1 train—would yield a quotient of what ? Accord-
ing to Cocker, of about 84 trains—according to Mr. Lee Smith, of

only 2 trains. What was to be thought of such arithmetic? What
but that a man might be a responsible Engineer, and yet be no
great adept at ciphering ? Mr. Lee Smith's own sums, if he had done
them rightly, must have satisfied him that the amount of rolling-

stock proposed for the Punjab would by itself amply suffice for all

conceivable contingencies, and that there would never be any
occasion to borrow. But, beside this, let it be recollected that, if

it should by any possibility ever become desirable for the Punjab
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railways to borrow, tliey could not, if made on the broad gauge,

borrow to any useful purpose, because the heavy stock of the adjoin-

ing broad-gauge lines could not be safely employed upon their light

rails. If the almost impossible necessity ofborrowing really deserved

to be provided for, that might best be done by making the Punjab

lines on the narrow gauge, as was proposed, and then connecting

them with the narrow-gauge lines of Eajpootana. And to this end

it would by no means be necessary, as Mr. Lee Smith supposed,

according to his habit of first fathering an absurd notion on his

opponents, and then denouncing its absurdity, to start a junction

line from Ajmere, and to carry it through a howling wilderness to

Bukkur, an inventive genius less fertile than Mr. Lee Smith's

might have suggested that, merely for the purpose of rendering the

narrow-gauge rolling-stock of the Punjab and Eajpootana railways

interchangeable, it might be sufficient to lay a third rail on the

section of broad gauge already existing between Delhi and

Lahore.

Here Mr. Thornton would conclude, with many thanks for the

patience with which the Meeting had listened to him, and many
apologies for having trespassed so long upon their patience.

What had already been said would probably be accepted as

a sufScient pledge that a good deal more might—if necessary—

•

be said in support of the points which he had endeavoured

to establish, namely, that a very considerable saving would
result from the adoption of the metre gauge for the Punjab
railways, and that to counterbalance that advantage there would
be next to no commercial and absolutely no strategic dis-

advantages. He did not flatter himself that many converts had

been made to views in great part so novel. No doubt the old saw

about " those who were convinced against their will " being " of

the same opinion still " applied very well to each of the two parties

into which the Meeting was very unequally, he feared, divided.

The opinions of most of those who were present were most likely

just the same as when they entered the room. Still, how much
soever they might differ in other respects, they had, he trusted, at

least one point of concord. He did trust that Lord Mayo would

no longer be suspected of having, when adopting his narrow-gauge

policy, taken up a mere idle crotchet and childish whim. He did

trust that such injustice would no longer be done to the memory of so

noble a member of the noble army of martyrs to public duty. In a

private letter which Mr. Thornton had seen, written only two or three

days before his assassination, Lord Mayo spoke of that policy as one

which it would always be a pride to him to look back upon ; and he
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might at least be credited with not having resolved upon it without

anxious deliberation, or without carefully weighing the arguments

on both sides. There was yet another point on which the Meeting

would probably be quite unanimoixs. Since the discussion had begun,

before the Institution, the same question had been discussed in the

House of Commons, and the Prime Minister had promised that

the Government of India should be urged to reconsider the subject

by the fresh lights then thrown upon it. In whatever else they

might differ, they would prolmbly all agree that it would greatly

assist the Government of India in coming to, or, as he should

himself prefer saying, in adhering to a right decision, if it were fur-

nished not only with the Minutes of the House of Commons' debate,

but also with those of the Discussion which was now concluding.

Mr. Hawksley, President, said, he would very briefly occupy the

attention of the Meeting. The discussion upon the Paper had

extended over seven evenings. It had been exceedingly interest-

ing, and he believed it had elicited opinions on both sides which

were well worthy of the consideration of Engineers occupied in

railway construction in all parts of the world. But with regard to

this special case of India he imagined some of the most material

parts of the subject had not received all that attention which they

deserved ; and in partictilar he thought that the Author had

directed their attention to the subject rather too much from the

economical aspect. There were other points of view which were

of greater importance. India was a conquered country, and was
held at that moment by force of arms. It was therefore more

necessary to view the subject under the strategic aspect than it was

to view it under the economical aspect. There were great nations

—much greater than the United Kingdom—who, if they had not

at the present moment designs upon the Eastern possessions of

Great Britain, might, and probably would in a few years entertain

designs upon a territory which would become even more valuable

to them than it was to us. Now, it occurred to him that the whole
of that part of the frontier of India which was accessible to attack

should be duly protected, and that it did not signify in the least

whether Great Britain spent, or whether India spent ten millions

more or less in preventing the incursions of an enemy. It was
clear that in a country which was eighteen times the size of the

British isles, and in which there were six times the population of

the British isles, and where there was a population which held

—

or at any time, by intrigue from without, or exaspei-ation from
within, might become induced to hold—their British rulers in

disfavour, it was the duty of those rulers to protect themselves,

[1872-73. N.S.] 2 H



466 STATE RAILAVAYS OF INDIA.

not only in tlie front "but also in the rear. Tlie Government

might have an enemy invading India at the frontier, and it was

quite possible that it might have a mutiny or an insurrection

behind. Under those circumstances, suppose the great main lines

of the country to be laid upon what he might call the break of

gauge system : suppose that the army sent to the frontier should

be overpowered, and suppose it should have troubles behind, and

suppose it should be obliged to effect a retreat—what was to be

done? When the troops came to a narrow-gauge line—a line

which could not convey them, especially in the hurry of retreat,

—they must get away their mvinitions, their stores, and their

wounded, and those were to be got hastily on to that narrow-gauge

line, and where were they then to come to ? They were to come

to a break of gauge; and then, what were they to do, with an

enemy advancing rapidly upon them, and the country, on reasonable

possibility, in the hands of a rebellious population ? They would

have no suitable carriages at hand, and they could not obtain

them from a distant part of the country, and if they did come,

there would be all the difficulties and delays of the transfer.

Then what must happen ? Why, unless there was at each change

of gauge a sort of Metz or Strasburg in which the army could be

received and where it could defend itself, as a matter of course the

army must be lost. Now he would ask whether that was a proper

state of affairs ? He ventured to think, as an Englishman, it was

not a proper state of affairs ; and therefore he said that, irrespec-

tive of economical considerations, they ought to have all the main
lines of the country made upon one gauge, and that gauge com-

petent to all the exigencies of a possibly untoward occasion. It

was, however, quite possible that in a great country like India,

and especially in the naturally well protected parts, where the

population was sparse, a gauge narrower than the 5 ft. 6 in. gauge

might suffice for the purposes of the traffic, although it would still

be subject to the inconveniences attendant upon a break of gauge

at all its junctions with the main lines—and here he would observe,

that the whole of India was not at the present time less densely

populated than England was at the commencement of the reign of

George I., and that was only a century ago, the number of acres

to the people being indeed almost the same. Let them then con-

sider whether, had railways been then known, they would not have

been useful in England at that period of our history, and what
would at that period have been the proper gauge ? He ventured

to think the metre gauge would even then have been found wholly

insufficient. What, he would ask, was to be gained by making
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or substituting those narrow gauges for the main lines of India ?

Why, it was admitted that the main lines had not cost more—and
it was a large sum—than £15,000 per mile, and it was also

admitted that, under favourable circumstances, they could be now
extended at something like £6,000 per mile. Suppose, then, the

future main lines could be made at an average cost of £10,000 per

mile, and let them also suppose, and they knew that to be about

the truth, that the difference of cost between the narrow-gauge

construction and the ordinary construction was about 10 per cent.

The saving would be, at the most, £1,000 per mile, and if 10,000

miles were wanted, the total saving upon a broad-gauge expendi-

ture of £100,000,000 would be only £10,000,000. But there were
200,000,000 of people, and so it would cost those 200,000,000 of

natives just Is. per head to find the £10,000,000, and the taxation

would consequently be ^s. per head per annum. He would ask

them whether that was an important amount when placed in com-
parison with the safety of an immense empire and of the national

interests, which would be involved largely in the decision the

Indian Government might make with regard to the question now
before the world. For his own part, whilst admitting that he

thought the Indian gauge of 5 ft. 6 in. had been a mistake, and that

it was an unnecessarily wide gauge, in so far as it exceeded in

width the better established gauge of 4 ft. 8^ in., he should much
regret to see another gauge introduced into the main-line exten-

sions in substitution for it.

With these few observations he closed the discussion, and would
now pass to another and very different subject. He was directed

by the Council to address a serious word to the members of the

Institution upon an irregularity which had recently crept into

the discussions. A habit had been acquired of reading their

speeches, instead of delivering them extemporaneously with that

natural emphasis which addressed itself as well to the heart as to

the ear. The Council hoped in future that the practice of reading

speeches would be abandoned.

In conclusion, he had only to add he was quite sure the Meeting

would feel much pleasure at having the opportunity of according to

Mr. Thornton their very best thanks, as an official of the Govern-

ment—though he did not submit the Paper to the Institution, or

address them officially—yet as an official of the Government—for
having afforded them the opportunity of discussing a most interest-

ing and a most important subject.

[Appendix.
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I. —Ea.st India Eailways.—Eeturn to an Address of the Honour-
able The House of Commons, dated 11 March, 1873 ;—for,

" COPIES of Correspondence between the Government of India

and Court of Directors, relating to the present Gauge of

Five Feet Six Inches of the Indian Eailways :"

" And, of the Minutes of Lord Dalhousie and the Eeports of the

Consulting Engineers on the subject of the Gauge."

India Office, 13 March, 1873.

W. T. Thornton, Secretary, Public Works Department.

EXTRACT Financial Letter from the Court of Directors of the

East India Company to the Government of India, No. 27, dated

14th November, 1849.

1. Agrekably to the intimation conveyed to you in our letter of

the 25th April last. No. 9, we now forward in the packet the deed

of contract, in duplicate, between the East India Comjiany and
the East Indian Eailway Company for the construction of an
experimental line of railway from Calcutta towards the Upper
Provinces of India. We forward likewise a copy of a deed of

contract between the East India Company and the Great Indian

Peninsula Eailway Company for the construction of an experi-

mental line of railway from Bombay to, or near to, Callian, with a

view to its extension to the Malsej Ghaut.

2. These deeds are based upon the " terms and conditions " of

which you have been already advised, and which have been

accepted by the railway companies.

3. Although these deeds are so comprehensive, and appear so

fully to meet the objects in view, yet, that you may the better

comprehend the precise motives which have actuated both parties

during the negotiations with respect to the terms of these con-

tracts, and that you may thereby the more clearly understand their

various provisions, we think that it may save much trouble in

future if we now enter into a detailed explanation of each of their

conditions. It is, however, highly satisfactory to know that the

nobleman who is now at the head of your Government has already

given much attention to railway subjects, and we anticipate that
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great benefit will result in the course of your deliberations from

his Lordship's experience.

13. With respect to the weight of rails and the gauge of line to

be employed on these railways, we are disposed to recommend those

used by the North Western Company here, namely, a gauge of

4 ft. 8J in., and a weight of rails of 84 lbs. to the yard, as com-

bining the greatest utility and economy.

Extract Eailway Despatch from the Government of India to the

Court of Directors of the East India Company, dated 2nd August,

1850, No. 1.

Paragraph 5. The question regarding the breadth of gauge, and

the views expressed by his Lordship^ on that subject, will doubt-

less receive your Honourable Court's attentive consideration.

Extract Eeport by Mr. W. Simms, C.E., Consulting Engineer to

the Government of India, dated 29th April, 1850.

Paragraph 29. It is highly desirable in a country like India,

where the railway system is now for the first time being intro-

duced, and which will ultimately extend throughout the land, that

one uniform standard of gauge should be adopted, and in no case

to be dej)arted from, so that whenever the various lines now and
hereafter to be constructed shall meet and unite, as they assuredly

will do, the facilities for transport, which is the great principle of

railway practice, may experience neither check nor inconvenience.

30. The question therefore arises, what width is the most

desirable to adopt as the standard of gauge. The Honourable

Court of Directors in their Despatch of 14th November, 1849,

paragraph 18, have expressed themselves as "disposed to recom-

mend " (but did not order) the adoption of that known in England

as the narrow gauge, namely, 4 ft. 8J in. ; but, with all due re-

spect to the recommendation so given, I beg to state that in my
judgment a wider gauge would be preferable for this country, and

I would recommend the adoption of 5 ft. 6 in., or thereabouts, as I

am not disposed to contend about an inch or two more or less, as I

consider that immaterial,

31. After the labours of the Gauge Commissioners, and the

several Parliamentary investigations on the subject of the width

The Earl of Dalhousie.
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of tlie gauge, the results of which are before the world, it would be

waste of time to enter upon the discussion in this place.

32. The wider gauge of 5 ft. 6 in., which 1 would recommend for

adoption (as the Court of Directors have not definitel}' settled the

question), will give 9^ inches more space for the arrangement of

the several parts of the working gear of the locomotive engines,

and this^ additional space will be more needed in India than in

Europe, not only on account of machinery itself, but it would lower

the centre of gravity of both the engines and carriages, the result

of which would be to lessen their lateral oscillation, and render the

motion more easy and pleasant, and at the same time diminish the

wear and tear.

33. The lowering of the centre of gravity consequent on the

adoption of the wider gauge appears to me of great importance, for

another reason, namely, the fearful storms of wind so frequent in

certain seasons of the year, and I think it very probable that in

one severe north-western, not to mention such hurricanes as that

of 1842, the additional 9^^ inches of lease might make all the

difference between the safety and destruction of the trains ; and
one such accident, attended as it doubtless would be with great

loss of life, would, probably, retard the progress of the railway

system in this country very considerably.

34. The additional outlay of capital attendant upon the adoption

of a 5 ft. 6 in. gauge above that of 4 ft. 8^ in, in the first instance,

would be but trifling in comparison with what appear to me its

more decided advantages.

35. The width of the gauge here recommended was the one I

selected in my own mind soon after my arrival in India in 1845,

and m}^ subsequent experience of the country has confirmed my
early views on this point. It was the width I then named (as the

one I intended to recommend for adoption when the proper time

arrived for so doing) to the Managing Director of the East Indian

Eailway Company, and by him subsequently named as the intended

gauge in his communications with his company.

Extract Minute by the Earl of Dalhousie, Governor-General of

India, dated 4th July, 1850.

32. The Court of Directors have recommended, at the same time,

the use of the narrow gauge of 4 ft. 8J in. for the railway about to

be constructed. Although the letter of the Court recommends,
but leaves to the Government of India to determine as to the

gauge which should be adopted on this occasion, I consider the
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question to be oue of such moment as to deserve a careful con-

sideration and an authoritative and conclusive decision by the

highest authority connected with the Indian Empire, who alone

can have access to that full information and extended experience

which would make such a decision really and satisfactorily con-

clusive.

33. The British Legislature fell unconsciously, and perhaps

unavoidably, into the mischievous error of permitting the intro-

duction of two gauges into the United Kingdom. The numerous

and grievous evils which arose from that permission are well

known, and will long be felt throughout all England. The
Government of India has it in its power, and no doubt will care-

fully provide, that hoAvever widely the railway system may be

extended in this Empire in the time to come, these great evils

shall be averted, and that uniformity of gauge shall be rigidly

enforced from the first. But I conceive that the Government

should do more than this, and that now, at .the very outset of

railway works, it should not only determine that any uniform

gauge shall be established in India, but that such uniform gauge

shall be the one which science and experience may unite in select-

ing as the best.

84. At one time this question was much before me, and although

I should not myself attempt to offer an opinion on so vexed a

question, yet I may venture to form one on the recorded views of

men competent in every way to judge. The evidence which was

given before the Gauge Commissioners in 1846, and the evidence

which has been given from time to time before the Committees of

Parliament, backed as it has been by very high authority abroad,

is, I venture to think, sufficient to show that the narrow gauge of

4 ft. 8^ in. (a measurement adopted originally at hap-hazard and

from the accident of local circumstances) is not the best gauge for

the general purposes of a railway, and that something inter-

mediate between the narrow gauge of 4 ft. 8J in. and the broad

gauge of 7 ft. will give greater advantages than belong to the

former, and will substantially command all the benefits which are

secured by the latter.

35. The circumstances which have been brought forward by

Mr. Simms in his report, applicable especially to this country,

strengthen the reluctance which I feel to introduce the 4 ft. 8^ in.

gauge into India, without a very deliberate reconsideration of the

question, with reference to India, under the direction of the

Honourable Court by the Board of the East Indian Eailway Com-

pany. I shoiild not have felt satisfied that I had done my duty if
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I had not brought this question pointedly under the consideration

of the court, requesting them formally and finally to determine

whether a wider gauge than the 4 ft. 8i in. ought not to be estab-

lished in India, and whether the gauge of 6 ft., which was recom-

mended by engineers of eminence in England, and which was
preferred also, if I recollect rightly, by M. de Pambour, should not

be introduced on the experimental line in Bengal, and at the same
time on the line which is in course of construction at Bombay.

Extract Financial Despatch from the Court of Directors of the

East India Compan}^ to the Government of India, No. 46, dated

4th December, 1850.

Paragraph 9, With respect to the gauge, we concur in the

opinion that a wider gauge than 4 ft. 8J in. ought to be established

in India, and we are disposed to think that the gauge of 5 ft. 6 in.,

as recommended to you by Mr. Simms, is most suitable. This

decision will be communicated to the respective railway boards in

this country.

Extract Eailway Despatch from the Government of India to the

Court of Directors of the East India Company, dated 7th March,

1851, No. 3.

3. Your Honourable Court have authorized the extent of the

Indian gauge to bo 5 ft. 6 in., as recommended by Mr. Simms.
Major Kennedy thinks that the breadth of 6 ft., recommended by
the Governor-General, would be preferable.

Extract Letter from Major J. P. Kennedy to the Secretary to the

Government of India, No. 30, dated 27th February, 1851.

Paragraph 15. It is with the greatest possible satisfaction I

have learned that the Honourable Court have sanctioned the

enlargement of the general Indian gauge from 4 ft. 8^ in. to

5 ft. 6 in., and I trust I may be excused in proposing the still further

enlargement of the gauge to six feet, as recommended by the Most

Noble the Marquis of Dalhousie. If the Honoi;rable Court will

permit the reconsideration of this very important question, and

allow me, in concert with any one or more professional men whom
they may select, to offer them a report on the subject, I think that

such a report may be submitted within a very few weeks after my
arrival in England, next April. This could cause no inconvenience
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or delay whatever, either as regards the works in progress in

Bombay or in Bengal, and it cannot fail of being satisfactory to

the Honourable Court to be furnished with such a document in

reference to a most important and disputed question which has

not yet received that professional investigation that it merits as

regards Indian interests. It is a question that can only now be

considered with profit, as, if any error be introduced, it will be

beyond the reach of future remedy.

Extract Minute by the Earl of Dalhousie, Governor-General of

India, dated 11th April, 1851.

2. It does not appear, from the Despatch of the Honourable

Court, whether their determination to fix the gauge at 5 ft. 6 in.

was the result of any deliberate inquiiy, or whether the figure was
merely indicated as a mean between the extremes of the present

narrow gauge, and that which I took the liberty to suggest. If

the Honourable Court have fixed upon 5 ft. 6 in. for the Indian

gauge on high recognised authority, and adhere to it, of course the

Government has only to obey. But if this is not the case, the

Court will pardon the importunity which, for their own present

and future interests, urges them to take other counsel before they

issue a peremptory mandate on this important point.

3. I know of old that particitlar figures have been fixed upon

originally for a gauge, and for others proposed in substitution of

it, without the author of the proposal being able to give any

reason whatever for selecting the particular dimensions he had

specified. The original narrow gauge of 4 ft. 8^ in. was adopted

for no other reason than because it happened to be the width of the

colliery tramway on which locomotive power was first tried.

When a general alteration was proposed, I recollect it being said

that the principle on which one gentleman jDroceeded was to take

all the difierent gauges, strike the average, and propose the figure

that resulted as the best iiniversal gauge. But I think that many
good reasons toere formerly given for the superiority of a 6 ft. over

the broad and narrow gauges, and I feel confident that many more
could be given why that gauge should be selected for India, in

preference to either of the original gauges, as to the one now
suggested by the Honourable Court.

4. At all events, if formal inquiry has not been entered into, I

earnestly request the Honourable Court to permit the question to

be so. far reconsidered as to receive such reports and evidence on
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the subject as are suggested by Major Kennedy in the 15th para-

graph of his present report. If this is not in accordance with the

Eesolution of the Honourable Court, I shall much regret it ; for I

think that those who come after us will see cause to lament that

the originators of this great system in the East did not profit so

much as they might have done by the errors of their predecessors

in Europe.

Extract Financial Despatch from the Court of Directors of the

East India Company to the Government of India, No. 45, dated

20th August, 1851.

Paragraph 7. With respect to the question of gauge, to which
you have again adverted, our decision in favour of the 5 ft. 6 in.

gauge was arrived at, after a very careful consideration of the

subject, and with the best opinions which we could obtain. That
decision having been communicated to the Railway Companies,

who have entered into contracts for the execution of works and for

the jjrovision of materials on the presumption that it is final, it

would lead to much inconvenience and expense, if any alteration

were now permitted.

II.—Report of Mr. C. B. Vignoles, F.E.S., Past-President Inst.

C.E. (dated September 22nd, 1842).

Preliminary Note.—The following report was drawn up between

the early part of August and the latter end of September, 1842,

at the request of several influential gentlemen connected with the

old East India Company, who were considering the possibility of

improving the communication with China across the Indian

Peninsula, in connection with the steam-boat routes then recently

introduced. It was received at the East India House towards the

close of November, 1842,^ and was the first document put on record

relative to railways in India.

' Letter from the Secretary, of the East India Company to Charles Vignoles, Esq.

Sir, East India House, November 2Wi, 18-12.

Your letter of the 14th inst. enclosing a Statement and Manuscript Report

on Railways in India, for presentation to the Court of Directors of the East

India Company, has been duly received, and I am commanded by the Court to

return you their thanks for these communications.

I am, Sir,

Your most obedient humble Servant,

(Signed) James 0. Melvill,

Secretary.
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It must be taken into consideration that most of the arguments in

sn]:)port of railways, which may now appear superfluous, were
adduced more than thirty years ago, when numerous questions, since

satisfactorily solved, were considered doubtful by the great body
of capitalists ; and that it was still in embryo whether railways

for India should be undertaken at all, and if so, whether by the

Imperial Government, by the then East India Company, or by
private enterprise. Its Author, however, believes that the principles

laid down are apijlicable to all times and to all countries.

C. B. V.

HINDOSTANEE EATLWAY.

1. A few years since, and, perhaps, up to the present time, the

mere suggestion of establishing railway communication to any
extent in India would have been considered a visionary idea ; and
it must be admitted that it is only those deeply interested socially,

commercially, or politically in that extensive region, well studied

in its hitherto unaided and undeveloped capabilities, and sensible

of the raj)id though silent progress of events, who can fully appre-

ciate the importance, judge of the great results, and admit the

probability of success in so vast an undertaking.

2. In proceeding to attempt a statement on such a subject, it

cannot be disguised that there are numerous difficulties to be sur-

mounted, no few prejudices to be overcome, many ex2:)lanations to

be made ; and labouring under a sense of the weighty objections of

all kinds which may be raised, in limine, to entertain the project at

all, even in hypothetical discussion, it requires full assurance and
well founded conviction existing in the mind to enable this subject

to be followed up with energy, the circumstances to be discreetly

considered, and the case to be distinctly and calmly discussed.

3. But when a retrosj)ect is cast over what had to be encountered

scarcely five years since, when it was proposed to establish steam

Letter from the Hydrograplier of tlie Enst India Company to Charles

Vignolcs, Esq.

My dear Sik, 9 Castle Street, Holborn, October 21th, 1842.

I return your very interesting report, and do not see anything to be

improved in the Geographical part. I am much obliged to you for the perusal

of it.

Yours very truly,

(Signed) J. Walker.
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communication with India through the Eed Sea by a regular

monthly post, and knowing and appreciating the advantages from

its creation and continuance, it is felt that this collateral question

of a railway will soon reduce itself to definable limits of expense,

direction, and returns.

4. It is but nine or ten years since that the idea of uniting

London and Paris by railway communication was started, yet,

with the capital and enterprise of the United Kingdom, the con-

nection is already made in two directions on the English side of

the Channel, and in one course through France ; and would long

since have extended by other lines over that country had the

jealousy, distrust, and procrastination of the French government

permitted.

5. Within the same period has the face of Great Britain been

tattooed, as it were, with railway lines, to the extent of 2,000 miles,

at a reckless and excessive cost, it is true, but still to the great

advantage of the country. Belgium has spread a network of iron

tracks over her fertile plains, and the formation of railways is

discussed in every part of Europe with a sincerity and perse-

verance that presage their speedy realisation in many directions

;

and in spite of the pecuniary losses, which, it is hoped, will biit

serve in future as beacons, the positive and lucrative returns from

no few of the existing lines have sufficiently broken through the

circles of doubt, misapprehension, and mistrust which environ all

great innovations, and capitalists now seek only for localities most
favourable for the development of the resources of a country

whereon to direct their speculations.

6. It may therefore be assumed that a railway through Hin-
dostan will be characterised as an enterprise of that aspiring cha-

racter, and worthy of the j)resent age, if reasonable probabilities of

ultimate successful results can be demonstrated ; and, admitting
that such will be proven, surely the present perfect realisation of

the railway system itself, the accumulating wealth of the British

empire, the settlement of the most vexatious political questions,

giving assurance of the repose of Europe, indeed, of the world, all

favourably unite in conducing to a satisfactory view of such a

project ; and, unstartled by its novelty and boldness, undismayed
by its gigantic nature, the spirit of our enterprising and intelli-

gent merchant princes will look to it not as a question of execution

or non-execution, but simply to determine who are the proper and
influential parties to bring such a mighty measure before the

public—a measure which will be shown to present most extraordi-

nary claims to attention, and while changing the features of the
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country, practically, at least, is calculated to produce results

almost startling to contemplate.

7. Tlie nearest parallel cases to such a project as herein suggested

are to be found in the numeroiis lines of railway already executed,

and the still greater number proposed, and partly commenced,

through different localities in the United States of America. The
capital of our country has been thoughtlessly lent to these trans-

atlantic rivals, and has made them improved communications for

bringing down to their seaports those staple commodities which

India can produce in still greater abundance and in greater per-

fection, if the proper means are applied ; and as experience has

since pointed out the true causes of former failures, it may be

assumed the certainty of future success in this respect is ensured.

The needy planters of America, having had canals and railroads

made tkrough their swamps and pine-barrens, laugh at the credu-

lous English capitalist, and repudiate the securities given for the

money which has created what they wanted ; and he is not only

refused either principal or interest, but sees the means assured to

his dishonest rivals of bringing their productions with economy

and regularity to the seaport, to be purchased by the English

consumer ; thus prejudicing our Indian possessions, with soils

lying fallow and capabilities dormant, which, cultivated and

aroused, would supersede the American, and open new and untaxed

markets to those British manufactures, of which the jealousy of

America is impeding the consumption, in her own states, l^y

prohibitory duties, in foolish imitation of European countries.

8. It is, therefore, not unreasonable to suppose that the revival

of our finances, and the pacific settlement of all our political rela-

tions, will be soon accumulating capital, which cannot long remain

unemployed, and that the possessors will be seeking new channels

for investment; nor can it be considered visionary to assume if

long lines of railway in the states of Virginia, Carolina, Alabama,

Loi;siana, &c., to convey cotton and tobacco to the seaports can be

cheaply and profitably made, that it will be equally politic, im-

portant, and beneficial to bring, by the same means, the cotton,

rice, tobacco, sugar, indigo, oil, and all the many other rich

products of India, to rival the production of America in our home

markets.

9. If Cuba requires, and has made, railways from the interior of

that island to the coast to supersede the mule and the bullock, is it

not equally desirable that the example should be followed in

India ?

10. If it be worthy the attention of the Riassian monarch to
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promote railways, as lie is doing, from Cracow to Warsaw, and

thence to tlie Baltic shipping ports ; and from Moscow to Peters-

burg, down to the mouth of the Neva, through territories sparsely

inhabited, but still yielding natural articles of commerce, it cannot

be matter of surprise, if those who have maturely considered the

resources of British India, should deem it equally facile, equally

desirable, and probably more advantageous, thus to pervade the

fertile regions of Hindostan.

11. On entering into the inquiry relative to railways in Hin-

dostan, it may be convenient to consider the subject under distinct

heads, namely :

—

1

.

Are railways through India practicable ?

2. Can they be first constructed, and afterwards worked at a

moderate expense?

3. In what direction should they be taken to ensure, in the

most extended sense, the greatest beneficial results ?

12. The first of these inquiries may be answered without diffi-

culty. Through the thickest of the American and Cuban woods,

across some of their wildest torrents, and in districts where appa-

rently insurmountable physical obstacles existed, railways have

been carried. Through every part of India native engineering

talent, unaided by any European skill or science, has often over-

come vast difficulties with economy and success : their architectural

taste, resources, and military constructions prove their capability

of executing still more difficult operations, when the experience,

energy, and art of this country comes to direct them. The facility

with which some most extraordinary hydraulic constructions have

been completed in India by the natives, render the corresponding-

works for railways comparatively simple.

13. Many of the bridges, embankments, tanks, pagodas, mauso-

leums, and other useful and ornamental works of India, are of a

far greater and more expensive character than the railways under

consideration. Timber and stone are in abundance in one or other

of the districts; and where the native skill, labour, or natural

resources cannot furnish iron—which is, however, to be anticipated

it may do in some parts with advantage—the sujoply from the

mother country will be very little more costly to India than to

America.

14. As regards the features of the countr}', it is evident without

going into detail, and without reference to particular localities,

it will be but occasionally, and at long intervals, that peculiar
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points of difficulty may be anticipated—India, geologically and

physically considered, consists of vast plains and table-lands,

divided by ranges of mountains, with many passes and defiles,

or ghauts—so termed in the language of the country—which,

occasionally steep, are seldom so long or so difficult, and probably

will be found much less so, when examined by the eye of an

experienced engineer. With very few exceptions, the niimerous

rivers and water-courses intersecting the plains are only formidable

in the rainy season, and during the rest of the year afford oppor-

tunity, and sure means for bridging, with facility and at moderate

exj)ense. The modern resources of engineering have taught us

that the difficulties of railway gradients may be overcome in

various ways, which it is not necessary at present to discuss ; and

daily practice in working railways in Europe and America proves,

that even on lines of very great traffic, a maximum load for the

moving power employed is so seldom attached to any one train,

that a railway in its longitudinal section may be undulated to a

much greater extent, and with far less inconvenience, from a truly

horizontal, or level line, than was supposed in the outset of the

creation of these means of transit.

15. In short, the practical experience and actual working of

railways, both in England and America, over as steep rates of

ascent, as are likely to be met with in India, show sufficiently to

the engineer that the features of that country present no invincible

obstacles ; while the resources of labour and materials offer facili-

ties superior to either of the other countries. Without therefore

entering into the consideration of the actual means, it may be

safely and conclusively stated, that whether to pass the great

rivers, or to surmount the steep ghauts of India, modern engineer-

ing offers many cheap and easy appliances.

16. 'J his naturally leads to the second question, as to the cost of

construction ; and here it will be at once fully conceded, that if

this cost should be likely to amount to what has been the average

of railway expenditure in the United Kingdom there must be a

final stop to the matter. But an assumption of the probable cost

of such works in India being equal to the positive cost in Great

Britain or even in other parts of Europe would be most deceptive.

Highly improved countries such as those, are full of artificial

works and are already abounding in various improvements and
existing communications which have preoccupied the ground

;

these, when disturbed by new constructions, must be restored ; and
this it is which has added vastly to railway expenditure ; with such

great value attached to the property necessary to be obtained, many
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unforeseen expenses have to be incurred in Europe when a fresh

opening of any kind, whether road, canal, or railway, has to be made.
17. The parallel of expense for India has therefore to be sought

in other and less improved countries than ours. The railway
system has been long enough at work to afford sufficient insight

into this inquiry in a general way. The average of the many
railways in England shows a gross expenditure of upwards of

£30,000 sterling per English mile, while that of the Belgian
railways is scarcely half that sum, namely, about £16,000 or £17,000
per mile. The average of the railways throughout Germany is

£10,000 per mile, and the railways of Eussia and Poland will be

no more than £7,000 to £8,000, which latter sum is about the

average of those in the United States of America.

18. In that country the longest and most recently finished line

is the one from Boston to Albany, through the States of Massa-

chusetts, Connecticut, and Xew York, a distance of nearly 200

miles across a peculiarly difficult country (more so, on the average,

than most parts of India), and where labour and iron are particu-

larly dear. This line, which is called the ' Western Eailway,"

197i miles long, has been completed in every respect for the sum of

£1,729,6-15 sterling, including stations, carrying, establishment, &c.,

being £8,758 per mile. As more than two-fifths of this sum was
for earthwork only, in which the Hindoos have much experience,

it may be safely assumed that a considerable diminiition from this

part of the expense would be attainable, with proper management,
on a Hindostanee railway.

19. Although it may be thought somewhat too much in detail,

it is advisable here to give the principal heads of this expenditure

in order to prove the correctness of the assumption. The above

sum of £8,758 was thus divided :

—

Land and fencing, about

Earth and rock excavation

Bridging, masonry, and works of art

Eailway proper, or upper works (of which two-thirds

for iron) ......
Stations, &c. .....
Engines, carriages, and carrying establishment

Sundries ......
Management about 6 per cent.

Total

£
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ground, labour being high and the country rough with many

streams. With the experience of all that has been previously

done, and with all the resources of the country, it is clear, in the

absence of the detailed and specific information, which can only

be collected when this matter is much more advanced, that the

sum of £8,000 per mile may be taken as the cost of first construc-

tion of railways throughout India, without reference at present to

particular localities. It may be presumed that the items of land

and fencing in Indian lines would be comparatively nothing ; the

cost of a bridged and metalled road in any of the presidencies has

seldom exceeded £:J00 per mile hitherto. Therefore, supposing all

the other sums to be as on the American railways, there would be

a very large margin per mile to meet the extra expenses of forma-

tion and bridging which a railway might require.

2 1 . In respect of cost of Avorking there are perhaps better ma-

terials to guide the inquiry. The average of the cost of several

years' working in the Belgian railwaj's is about 4s. per mile per train.

On the German railways it is about 3s. 6cl. On the Dublin and

Kingstown railway it has hitherto seldom exceeded .3s. 4d. On
the North Union railway it was only 3s. for the last year, exclu-

sive of the government duty and parochial taxes, of which there

woiild be probably none in India ; and the average of the working

for the last two or three years on a number of railways in the

United States gives us 3s. per train per mile; some being as low

as 2s. 9d. where wood is the chief fuel. Here again, without the

necessity of going into details, it is to be fairl}^ assumed that,

with the low price of Indian labour, 3s. per train per mile may be

taken as sufficient to cover (as it does on the linos quoted) all

the various expenses, w'hich it may not be uninterebting here to

abstract, namely :

—

Locomotive power .

Carriages

IMaintaining of railway

Police .

Conducting traffic .

Miscellaneous expenses

Management .

Total railway expenses per train per mile

6

2

5

2

3

3

22. Now on the lines of very lowest traffic in the United

Kingdom the gross receipts are 40s. per mile per day. And sup-

posing the revenue on Hindostanee railways not to exceed this
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sum, and that to gain it, it were needful on the average to travel

over each mile six times daily, there woiild be a net profit per

mile of 21s. per daj- or £400 a-year, which would yield five per

cent, on a first expenditure of £8,000, and four per cent, on that of

£10,000 per mile.

23. The cost of palanquin dak traveling in India is about
2s. per mile for a single person carried, and the rate for transport

by camels, bullocks, or carts, is from 6d. to Is. per ton per mile,

even where a full load can be borne. Taking the railway charge

at an average of l^d. per passenger per mile, and 2d. per ton

per mile for goods, which are extremely low rates, it will be

seen that a very moderate traffic indeed would soon produce the

above gross revenue of 40s. per mile per day. Indeed, on the part

of the railways nearest to the seaports and to large towns, it would
be so very much greater that a considerable surplus must be avail-

able to make up the deficiency on the remote and uni^rofitable

parts of the system ; and it is the very principle of a great system

of railways to lead to siach a result.

24. Another mode of calculating railway expenses, as deduced

from the same and similar data, shows that the cost of working,

including all deductions from the gross receipt, may be taken thus,

namely :

—

Per Mile.

Passengers ....... ^d. each.

Coal and miuci'al traffic ..... ^d. per ton.

Mercbandize . . . . . . . Icf. „

and it will then remain to be considered what should be the smallest

augmentation above these cost prices to make, as the railway

charges, so as by low rates to induce the greatest traffic, and con-

sequently the best returns.

25. It is presumed that a sufficient pn'ma /ac/e case has now been

made out to allow the second question to be assumed as disposed of

for the present.

26. Hitherto the subject has been dealt with purely and ab-

stractedly as a commercial speculation ; but in proceeding to enter

on the third and most important question of the directions in which

the railways should be carried, objects of a higher class enter into

the consideration and require to be mattirely discussed. Still it

may not be inadvisable at first to assume a specific course which

shall define termini and form an integral line ; such a one it is

to which attention has been called, and which has, indeed, given

rise to this inquiry, and into the particular merits of which an

investigation must therefore be made.

2 I 2
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27. From tlie great scale on wliich tlie districts of Hindostan

have been formed by Nature, tlie distances become vast in com-

parison witli those in Europe, and it is only on the American rail-

ways that any analogy of extension can be found ; thus the railway

that has been suggested from Bombay, on the western side of the

Indian peninsxila, to Masulipatam, in the Bay of Bengal, would

extend little short of 700 miles. In the absence of minute surveys,

and especially of levels, it is not possible to define with certainty

the exact course of this or of any other line in Hindoostan. Still,

from the maps, books, and documents to which access has been so

freely granted through the liberality of the East India Company,

and the urbanity of their officers, an approximate idea may be

formed of the course of the line which has been suggested.

28. On many accounts, for which on a future occasion valid

reasons may be assigned, it seems advisable to proceed from

Bombay, through the island of Salsette, and to form a connection

with the continent at some convenient point below Tanna, by
means of a floating bridge, such as in use at Plymouth, Ports-

mouth, &c., but capable of taking a railway train ; thence to pro-

ceed across the Concan, and by the most practicable of the Ghauts

to the table-land aboA^e.

29. The difficulties here may be stirmounted easily and economi-

cally by means of the atmospheric principle of producing locomotion,

as now in course of construction for the extension of the Dublin

and Kingstoviia railway to Dalkey Common on the Killiney Hills
;

on this principle it has also been proposed by more than one rail-

way Engineer to surmount difficult points such as the defiles of the

Apennines between Genoa and Turin, the rugged country between

the Rhine and the Danube, the Sphigen pass across the Alps

towards Lake Como, the passage of the Tyrol between the valleys

of the Inn and of the Adige, and in other places in Europe.

30. From the table-land above the Ghauts a practicable line for a

railway may be formed to the vicinity of the station and city of

I'oona ; thence the country is quite open, and the general and

gradual descent by the great water-courses may be followed, pass-

ing near Soolapoor and thence to some point between Kilburga and

Ferozabad, when it will be necessary to quit the valley of the

Bheema river, and follows up the course of one of its tributaries

called the Kurgan, by the town of Moolkeir, to the head of the

valley at Purgee, which would be a culminating point or summit
on a ridge which it seems imi^ossible to avoid, though no serious

obstacle is likely to occur. From the Purgee summit the direction

will be along the course of one of the head branches of the Moosy
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river to the city of Hyderabad, the capital of the dominions of the

Nizam.

31. Although this part of the country is little known to

Europeans Ijy published description, the detailed part of the great

trigonometrical survey of India has been completed throughout

from hence to the Bay of Bengal ; and guided by these valuable

and important maps, though of course not yet corroborated by
levels, it is considered that a practicable route will be easily

obtained by the valley of the Moosy for fifty or sixty miles, when
this valley will probably be found to expand sufficiently to allow

the course of the railway to be turned in a soiith-east direction,

and, perhaps, nearly straight to the left bank of the Krishna river

at the great bend where the Pallais river falls into the larger

stream, near a town called Moogatabad ; thence, in the same
direction, across the Moonyair river at the lower forks, and on by
the diamond mines of Purtgall to the pass of Condapilly, and along

the banks of the Krishna to the town of Bezawada—whence the

passage towards Madras is generally made—and then in a direct

line across the flats to Masulipatam.

32. The following would be the probable itinerary, namely :

—

Bombay, through the Island of Salsette

From thence to the vicinity of Poona
From Poona to the south of Soolapoor

From near Soolapoor to about Ferozabad

Ferozabad to the Purgce summit
Pm-gee summit to Hyderabad .

Hyderabad to Moogatabad
Moogatabad to Bezawada
Bezawada to Masulipatam

Total miles

Miles.

32

90

157

85

65

42

121

43

44

679

And it must be observed that as the detailed character of the line

cannot be known, and may require deviations and detours to be

made for the purpose of avoiding difficulties and facilitating

gradients, it is expedient to call this about 700 miles, or, say,

an expenditure of six millions sterling, which, from the generally

easy nature of the principal part of the distance, and the facilities

of obtaining labour and all materials except the rails, may be

taken as a safe approximate estimate.

33. It has to be inquired what pecuniary return, and what
general and political advantages may be anticipated from a line of

railway in the above direction, not omitting to consider the pro-

bable future development of resources, and opening of additional
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facilities of comnninication to points beyond the terminus, as well

as the general bearing on the means and resources of the other

parts of India not directly pervaded or served by the contemplated

line.

34. In a commercial point of view there is no question that the

greatest advantages would be obtained for the trade of Bombay by

opening up such a communication with the interior as the proposed

railway. At present the western part of India may be said to be

almost without roads at all, and none that can sustain any heavy

commercial or military traffic. Into Bombay itself there are at

this time only two lines leading ; indeed, for the nearest twenty-five

miles, but one road. Throiighout four of the coUectorates adjacent

to Bombay, namely. Poena, Ahmednuggur, and the two Concans, an

area of considerably upwards of 30,000 square miles, and fully

equal in superficies to the whole of Ireland, there were, within the

last three years, little more than 400 miles of roads, of which only

one-half were passable at all; and at present there are scarcely

600 miles, whereof eighty or ninety only are practicable for car-

riages in the rainy seasons, which last for fully one-third of the

whole year.

35. All the towns and posts of the interior are, therefore, so

many isolated points during the rains ; and however important it

might be either in a military or commercial sense, it is imj^ossible

to pass heavy carriages along the roads, which have been con-

structed without any care or cost as to their foundations, and have

no bridges at all, with very rare exceptions, and but few ferry

boats.

36. Over many of the roads, especially through the Ghauts,

wheeled carriages cannot pass at all, and yet the slight improve-

ments which have taken place of late years demonstrate the truth

of the remark—prevailing in India as in all other parts of the

world— of the vast increase of intercourse where facilities of com-

munication are afforded. Thus, by a slight improvement in the

road leading to Nassuck, the number of carts coming with grain

into the town had quadrupled in two years. On another road

through the Concan, and within forty miles of Bombay, where

formerly there were no carts used for traffic at all, there are now
great numbers, and every wheelwright in the different villages has

full occupation in constructing new ones. On the only good road,

namely, between Panwell and Poena, the number of carts passing the

Bhore Ghaut had quadrupled within four years—the number being

now nearly 700 daily.

37. On the other hand, there is a very great cart traffic through
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anotlier district of tlio upper country, but the carriage road stops

at the top of the Tholl Ghaut, about 70 miles from Bombay. Here
niueteen-twentieths of the goods are shifted on to bullocks and thus

conveyed for the rest of the journey, the carts returning empty
over 200 or 300 miles of country, although, were there a good road

to the shipjiing place these same carts might take into the interior

a return lading of salt, hardware, &c. &c. which has now to be
transported by bullocks, thus limiting and diminishing the con-

sumption by this needless expense of carriage.

38. These instances might be greatly multiplied if necessary.

The consequences may be readily inferred. Traffic and commerce
are not only greatly impeded, cramped and broken up by false ex-

penses, but the existing trade is turned in another direction. For
instance, the chief products of the Oomrawattee districts, all west-

ward of Baulapoor, already find their way to Bengal by way of

Mirzapoor and the Ganges : although, by going to Calcutta

instead of Bombay, the merchants have from 100 to 200 additional

miles of land carriage, besides all the water transport, down the

river of many hundred miles.

39. It would, therefore, seem incontrovertible to insist that a

main trunk line of railway pervading the wide fertile districts

eastward of Bombay would present all the advantages of a navi-

gable river open at every season of the year ; and, if made, would
be joined by various branch roads suited to the traffic from the

several towns and districts to a great extent on either side ; the

best description of firmly-made and well-bridged road, costing from

£200 to £300 per mile, and the minor routes for fair-weather traffic

averaging only about £50 per mile.

40. In carrying a line of railway across the peninsula of India

the leading feature, as in that of any other great railway system,

must be to connect the extreme points on each coast, and to leave

the districts pervaded by the main trunk to provide communi-
cations, by public or private means, to the nearest or most eligible

points. The institution of a principal and leading line will derive

its prosperity and success by the number of ramifications from its

trunk, at the same time imparting great facilities to the country :

the benefit being mutual—the support interchanged.

41. The same arguments apply to the mercantile connection

between the interior of the eastern side of the peninsula and the

port of Masulipatam ; and there will be, of course, a point in the

dominion of the Nizam, probably somewhat east of Hyderabad,

where the current of traffic will divide, flowing westward to

Bombay and eastward to the Bay of Bengal. The whole of the
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immense territory between Soolapoor and Masnlipatam may be said

to be totally destitute of any bnt the very rudest means of trans-

port ; and the transit of a railway will present to the districts on

each side a double line of coast, as it were, on which each station

woiild be a port, and would become a depot for the collection of the

products of the country and for the distribution of the manufac-

tures of Great Britain, at prices so greatly reduced by the saving

of the present cost of carriage as to place them within reach of a

class of persons now wholly unable to obtain them, and at the same
time for these same individuals present a local mart established for

the fruits of their own industry.

42. Judging from the latest reports of the Bombay Chamber of

Commerce and by the returns from the various coUectorates, there

appears no reason to doubt, even under all the existing difficulties

of bad culture, tardy improvement, unskilful preparation of the

produce for market, and the limited means of lateral conveyance,

there would be a traffic sufficient to form a fair revenue for a

railway.

43. For instance, the " Barsee cotton " of the Bombay market is

collected at the town of that name from two or three small districts

only of the Nizam's dominions ; and the annual quantity sent from

them was, four years since (the latest accounts), upwards of 40,000

bales, all which must have been carried full 300 miles on bullocks

or in bullock carts from the places of growth.

44. The statements of Dr. Gibson, Professor Eoyle, and other

competent authorities up to the most recent periods show that

there is no limit to the production of cotton, sugar, silk, tobacco,

and numerous valuable staple articles of produce and commerce as

far as soil and climate are concerned. A more careful attention and

greater skill bestowed, will always command the Bombay market

for this produce ; and the introduction of European capital, enter-

prise, energy, and system will gradually, and no doubt rapidly,

produce this effect if proper arrangements and suitable opportunity

be atforded.

45. In regard to passenger traffic, this must be the natural con-

sequence of economy and expedition in the means of conveyance.

In Belgium, Ireland, Scotland, Germany, &c., where low rates exist,

the movement among the very lowest class has been most extra-

ordinary, and the increase seldom less than fourfold.

46. But to complete the statistical information and detailed

returns necessary to be obtained and investigated, to solve accu-

rately the question of traffic, would require much greater time

than it has been possible to devote to the subject, even if the mate-
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rials existed at all, or at any rate if existing in this countr}'. The
same, indeed, with resj)ect to the estimates of construction ; but

there remains the very highest probability that the more these

inquiries are gone into in detail, the more likely are they to result

in proving that the requisite capital would be comparatively small,

and the probable returns from merchandise and produce only, very

great.

47. To take, however, a more extended view of the subject, the

railway communication from Bombay to Masulipatam should be

considered as part of the probable future route to China, whereby,

in connection with the contemplated passage across the Isthmus of

Siam from Mergui, on the Tenasserim coast, to the Gulf of Siam,

the distance between the Straits of Bab-el Mendib and the China

Sea would be reduced to 1,000 miles less than by the present route,

via Bombay and Ceylon ; and, what is a greater advantage, there

would be a diminution of 1,800 miles of the sea voyage. Even in

comparison with the route direct from the Eed Sea to Ceylon, the

advantages would be extremely great ; for though the positive gain

in distance would not be more than about 200 miles, there would
be 1,000 miles less of sea.

48. This will be shown at once by the following abstract of the

distances on the respective routes :

—

Present Sea Eoute by Bombay,
Ceylon, and Singapore.

Miles.

Socatra to Bombay 1,400
Bombay to Ceylon 1,300
Ceylon to Singapore 1,700
Singapore to Macao 1,600

All sea.—Miles 6,000

Total additional"!
^ j^„^

distance . ./ '

Total additioual"!

sea voyage . /
1,800

Direct Sea Route to Ceylon and
Singapore.

Miles.

Socatra to Ceylon . 1,900
Ceylon to Singapore 1,700

Singapore to Macao 1,600

All sea.—Miles . 5,200

Total additional'!

distance . . /

Total additional , r.^^

sea voyage . . / '

200

Overland Land Routes across

the Peninsula of Hindostan
and Siam.

Socatra to Bombay
Overland to Ma-j

sulipatain . j

Masulipatam tol

Mergui . ./

Across Siamese"!

country . . /
Siam to Macao .

Deduct land"!

journey . . j

Miles.

1,400

700

1,200

100

1,600

5,000

800

Sea voyage.—Miles 4,200

49. As regards the general advantage to Madras and Calcutta,

the line across from Bombay to Masulipatam will place both these

ports in a better situation to communicate with the mother country

;

for, either by land or water, Madras may be reached in two days
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from Masulipatam, which latter by railway would be only from 24

to 30 hours' journey from Bombay, being a gain of five days over

the present mail time, and still more over the Bangy post. The

gain in time to Calcutta by land mail would also be about five or

six days, computing a week's journey from Masulipatam. It is

probable, however, that regular steamboats would ply from the

latter port both to Madras and to Calcutta.

50. In a military point of view, also, the contemplated railwa}^

must be highly advantageous ; and affording such increased faci-

lities and diminished time and expenseof communication to Madras,

Calcutta, China, and all the Eastern Archipelago, it is no more than

right to assume a great traffic, doubtless yet to be created, but which

cannot fail to arise.

51. To give due effect to the acceleration of the traveler, the

merchant, the soldier, and the statesman, arrangements should be

simultaneously made to put on regular lines of steam-packets ; nor

should the probability of forming another railway across the

Isthmus of Suez sooner or later be lost sight of; and it may be in-

teresting to state that serious negotiations are now going on with

several of the European Governments, the efitct of which, if brought

to a satisfactory conclusion—of which there is little doubt—will be

to obtain a railway communication from the English Channel to

the Mediterranean at some eligible port in Italy, independent of

France, ensuring some further reduction of time and a certain

uninterrupted transit. All these public advantages are sufficiently

evident without it being necessary to enlarge upon them, and

bearing as they do on the question of the Hindostanee railway,

become powerftil arguments for its support.

52. It must, however, be distinctly stated that most of the general

arguments in favour of railways in India, not even excluding the

combination which improved communication between Europe and

China, as will be shown, are almost as equally applicable to any

line extending from Bombay eastward, as to the supposed railway

from Bombay to Masulipatam, which, in strictness, ought to be

investigated purely on its local merits ; when, after deciding

favourably on the great principle of having railways at all, the

next point to be mooted is the precise direction. Considered in

this light, several doubts may be reasonably started against the

above line : such as the eligibility of Masulipatam as a steam-

packet station during all periods of the tw^o monsoons, and the fact

of so large an extent of territory to be pervaded—fully one-half of

the entire distance between the two coasts—not appertaining

directly to the British territories. The former might be left to
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the decision of competent naval authorities, but it is difficult in

regai'd to the latter.

63. The ultimate success of so vast an undertaking as an Indian

railway system must necessarily he based on the future improve-

ment of the country and the fuller development of its resources ; to

effect these indispensable results will require every encouragement,

facility, advantage, and support from the ruling powers, and every

freedom from the contingency of transit-duties and local and
uncertain impediments : or, granting all apprehensions on this

subject to be removed, still, the unwise rule of the native govern-

ments—so long exercising a prejudicial, and too often baneful and
fatal, influence on their subjects—grinding them down by excessive

taxation and restrictive measures—gives but toomuch reason to appre-

hend that profitable returns might not be so soon reaped from dis-

tricts such as those not exclusively under British control ; and Con-

fidence, that spoiled child of Peace and Freedom, reared by Expe-

rience, might long hold back her aid in enabling the beneficial

results of such a mighty speculation to be speedily realised.

54. Further, it has been supposed that some serious objections on
the score of climate might be brought forward respecting the loca-

tion of the railway through the northern Circar between the

Krishna and the Godavery rivers. It is also clear, from the geolo-

gical features of the whole of this particular line, that there is not

any coal ; and latterly it has been demonstrated that there is no
hope of any of the minerals which former accounts had held out as

abundantly existing in the eastern districts of the Indian peninsula

—the magnetic iron ore perhaps excepted—nothing in addition to

the rich vegetable productions of the country, save, possibly, what
might be hoped from a better mode of working those almost aban-

doned diamond mines which, under the name of ' Golconda,' have
been so famous for ages, and whereof the same authorities who so

dispassionately broke down all expectation of copper, lead, and
similar metallic veins, seem to consider might yet, under European
management, prove sources of wealth to enterprising adventurers,

55. Not that it is doubted that from the natural productions of

the soil only, advantageous returns may be derived ; but if loca-

lities are to be found combining mineral as well as vegetable

wealth, such localities are naturally preferable ; considering, also,

that for any great military purpose of defence or intercommuni-
cation in the various parts of Hindostan, a line from Bombay to

Masulipatam may not be found the best, it becomes desirable to

seek for, or at least to discuss the eligibility of, other routes which
may not only serve the purposes of commerce and internal com-
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nmnication to a still greater extent, but, by combining many other

important public and natural advantages and desiderata, enlist not

only tbe sympathies of all classes of the community, through the

greatest area of wealth, poj)ulation, and industry, but the cordial

support and co-oj)eration of the Government of India and that of

the United Kingdom.

56. In short, to follow out to its uttermost the grand principle

enunciated and adopted by the East India Company and by
Parliament when the great question of steam navigation to Asia

was discussed in 1834, namely, " If this measure were undertaken
" it ought to be executed on a large and efficient scale, and that

" between doing it thus effectively and comprehensively and not

" doing it at all there is no advisable medium." In such a principle

all the merchants of the 'East most cordially concurred, and there

cannot exist a doubt that a similar and simultaneous accord and

combined effort can alone bring to maturity this corresponding

enterprise which it has been attempted here to investigate and

recommend. In fact, to do less would be inexpedient even on the

score of economy ; for, viewing the expense as a great whole, the

cost of establishing and maintaining such a work as a railway

would be but inconsiderably increased by giving it a fiirther

practicable extension beyond the minor measure first suggested,

and the benefits, from being comparatively partial, Avould be

extended in a vastly augmented proportion to the original ex-

penditure ; for in carrying out a magnificent j^roject such as this,

in which the account total is by millions, it becomes a wise and

politic step to render it as comprehensive as possible.

67. With these principles therefore as a guide to enter into the

discussion of some other direction for the exercise of a bold but

deliberate and matured spirit of speculation, or rather demonstra-

tion of national foresight, let it be at once supposed that a line

be sought and traced for a railway from Bombay to Calcutta and

its particular merits investigated. Measured along the arc of a

great circle the absolute distance between Bombay and Calcutta

is little more than 1 ,000 miles, the great military post of Xagpoor

being nearly on the line.

58. There are, however, physical difficulties herein of no ordinary

kind, and those acquainted with the topographical features of

the country know, that for at least one-third of the distance such

a course would be over wild hills, amid a savage population, and

through a desolate and almost uncultivated country ; but partly

sulvjugated by the Mahommedan invaders of India, and even at

the present time but little known. There is also the former
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difficulty of half of the route only heing within British dominion,

and other causes of objection similar to those which might be urged

against the line to Masulipatam.

59. It is well known to geographers that at the southern base

of the CTreat Yindhyan range of mountains, running from west to

east, there flows the Nerbudda river, the head waters whereof rise

within a mile or two of the sources of a principal branch of the

Sone river, which is one of the great tributaries of the Ganges,

and thus what may be called a natural engineering line exists

between the Gulf of Cambay and the Bay of Bengal ; and if a

course be taken from Bombay towards Calcutta so as to fall into

the valley of the Nerbudda river, and if that stream and the

Sone be followed as far as necessary on to the great plains of

Bengal, an easy and not very indirect course to Calcutta Avould be

obtained, having the advantage of passing through or near most

of the great coal and iron districts which have lately been dis-

covered
; pervading at the same time an extremely fertile district,

nearly the entire of which is British territory; a very large

portion higlily cultivated and thickly peopled, and but few parts

of a wild, and none of a sterile, character ; and everywhere capable

of the very highest degree of improvement, and of furnishing all

the necessaries of life, and the most valuable productions, for which
Europe offers an unfailing market ; and in addition to all the local

advantages and commercial benefits to the country itself, and to

the great empires at each extremity, such a line forms remarkable

means for facilitating several great national objects.

60. In attempting to describe the route such a railway woidd
probably take, it is done with similar reservations and lemarks to

those applied to the line first considered. Starting from Bombay,
the island of Salsette would be traversed to Tanna, and the mair^

land be attained in the way before mentioned by a steam floating

bridge; passing thence, probably, to the north of Callianee, the

line would be directed by the most eligible ghaut in the Syadree

range to rise into the upper country above some of the head waters

of the Godavery river, then proceed in the vicinity of Nassuck and
Guntoor, filing by one of the ghauts of the Injyadree range into

Candeish.

61. The course would take this fertile province in its longest

length, and be directed upon the large and important city of

Bhoorampoor, in the rich and flourishing valley of the Taptee

river, and near the celebrated fort of Adjyeghur on the south side

of the Sautpoora range. To this point the British territories

extend without interruption. A passage through the ridge may
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be found with little difficult}'-, and thus take the railway into the

valley of the Nerbudda river, attaining the banks of that great

stream somewhat to the east of Hindia, when the line would again

enter our dominions, having passed for about 90 or 100 miles

through the south-east corner of Malwa, over a district belonging

to the independent state of Sindia.

62. From thence the course will be along the valley of the

Nerbudda, by Hoshungabad—where coal and iron are found—to

the meeting of the waters at Sacur, still in the coal-field, and near

the wealthy town of Jubbulpoor, the capital of these districts,

situated on the main stream of the Nerbudda, about 30 miles east

of Sacur ; from this latter place the northern branch of the river

would be followed to the culminating point or summit, and then

over the ghaut to Belhari, a town situated at the very head of a

great branch of the Sone river; this branch would be pursued

down to its junction with the main arm of that stream, and the

line go still down the valley, probably on the northern side, until

past Burdee, to the mouth of the Coyle river, passing by the great

coal-fields, and probably about 50 miles from Allahabad, Mirza-

poor, Benares, and Ghazipoor. From a little east of Belhari for

a distance of 40 miles the line would intersect the south-east angle

of Bundelcund—which here extends across the north branch of the

Sone river—afterwards keep for about 100 miles in the territories

of Rewah Eajah, re-entering the British possessions near Burdee,

not again to leave them.

63. Emerging on to the great plains of the Ganges the course

would then be brought not more than 50 miles from Patna, and

near Gaya and Berar, both large and populous towns, the former

known as a place of extraordinary great annual religious resort

;

then, following a lateral valley eastward and over a small ridge

of hills, the line would descend to the streams which form the

sources of the Hadji and Damoora rivers, pursue the general

direction of their valleys by the coal-fields lying between them
and to the vicinity of Burdwan, and from that town proceed

direct to the right bank of the Hooghly river, opposite Calcutta.

64. It should be observed that thei'e is no river along the whole

of this long range of country likely to present any serious difficulty

whatever, or to require any peculiar construction, and it may be

repeated that the successive passage of the first three principal

ranges of mountains and of the other two summits may be satis-

factorily effected by means of the atmospheric system before

alluded to,

65. Should, however, circumstances, which will l^e presently
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discussed, make it desirable or necessary to push the line of

railway well towards the north-west frontier of India before

turning eastward towards Bengal, then what may be styled an

alternative course may be found in the following direction,

namely:

—

66. Leaving Bombay and attaining the main land from the

island of Salsette, as previously described, keep the railway nearly

due north and parallel lo the coast, cross the Taptee river near

Surat and gain the banks of the Nerbudda in the vicinity of

Baroche—sometimes called Broach—then follow that river upwards

to Hindia and Hoshungabad, joining on to the route previously

described.

67. Such a course w^ould, however, add fully one hundred miles

to the distance, probably encounter serious and as yet unknowTi

difficulties along that part of the Xerbudda where it forces a

passage through the approaching mountains, and traverse for 250

miles wild territory in Ghuzarat and Malwa, not belonging to Great

Britain, chiefly under the dominion of Holcar, but including

parts subject to Kotah and to Sindia. Such a detour under such

circumstances would however certainly be admissible from a high

grade of political and commercial considerations, the value whereof

miist be judged of by those well versed in this subject, and capable

of taking the most enlarged views.

67. The following would be the itinerary of the lines from

Bombay to Calcutta by Nassuck, Bhooranpoor, &c., as first

described :

—

Bombay through the island of Salsette

From thence to the vicinity of Nassuck

Nassuck to the Injyadree range, near Chandore .

Through Candeish to Buooranjaoor

To the Gyuial river, in the Nerbudda valley, east of Hindia

(coal-fields).......
To the Towah river, near Hoshungabad
To the forlis of the Nerbudda river at Sacur

To the summit, west of Belhari

To the folk of the Soiie river ....
To the mouth of the Goput river, near Buidee

To the mouth of the Coyle river (Palamow coal-field)

To the siimmit east of Guya ....
To Oberah, between the Danwora and Hadji rivers, in the

centre ot Burdwan coal-field ....
To Burdwan ......
To the right bank of the Hooghly river, opposite to Calcutta

Miles.

25

75

40

150

100

40

100

80

55

90

100

100

110

46

54

Total 1,165
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68. And for the causes before assigned for augmenting this

distance, on account of probable circuits that may be found neces-

sary in order to evade particular difficulties, or to obtain easier

rates of ascent through the Ghauts, this should be called 1,250

miles, which, at the average rate of £8,000 per mile for a single

line of railway with passing places, but prepared for a double road,

will require the sum of ten millions sterling, which may be con-

sidered a minimum sum, as sufficiently explained in the first pages

of this statement.

69. If the more circuitous line by Surat and Broach, and along

the entire course of the Nerbudda river, be adopted, the itinerary

would be as follows, namely :
—

Miles.

Bombay, through the island of Salsette .... 25

Thence to near Damoora ...... 75
To the Taplee river, near Surat ..... 60
To the left bank of the Nerbudda, east of Broach . . 40

Along the Nerbudda valley to the Gunial river, east of

Hindia 280

480

Thence to Calcutta by the former route .... 805

Total . . 1,285

which, with the addition for probable detours, will make an
increase of about 100 miles over the other line.

70. For the purposes of a railway across the Indian continent,

between Bombay and Calcutta, such a circuit becomes only the

question of a few hours ; and, postponing a comparison between
the two routes, it may first be inquired whether the communication

to China may be advantageously extended from Calcutta.

71. Looking forward to the vast and increasing importance of

establishing the most certain and expeditious connection with the

Chinese territories, over which a dominating influence, at least

commercially, must henceforth be established by Great Britain,

the passage across the Isthmus of Malay from the Mergui archi-

pelago to the Gulf of Siam, before alluded to, will probably form

a portion of the future line of communication. In this case, if the

railway from Bombay to Calcutta become included therein, it will

be seen by the following abstract of distances, as compared with

those given in a preceding page, that the advantage in time at

least would just preponderate over the route proposed by way of

Masulipatam :

—
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Sea aud Overland Eoute, from the Red Sea to Cliina, by Bombay, Calcutta,

and the Siamese country.
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Calcutta and the Straits of Malacca, either going or returning,

would very much more than compensate for, and, as opposed to the

present mode of communication, there would be an actual saving of

two or three days.

74. The itinerary by Masulipatam, if the shortening by Mergui

and the Gulf of Siam were not effected, would be :

—

Miles.

1,400

700

1,900

1,600

Socatra to Bombay

.

Bombay to Masulipatam .

Masulipatam to Singapore

Singapore to Macao

Total

Deduct landjouxuey .

Sea voyage .

5,000

700

4,900

75. This would give an advantage of half a day of sea and a

whole day of land journey to the Masulipatam line ; but it may be

readily granted that the importance of having a direct means of

correspondence between China and Calcutta, on the great chain of

communication between eastern Asia and western Europe, may be

well placed as a set-off against this, the only one of so many various

directions in which a very small j)reponderance of time can be

found, over the contemplated overland route through the Bombay
and Bengal presidencies.

76. The only drawback to this arrangement of railway and cor-

respondence is, that the trade and presidency of Madras are alto-

gether excluded ; nor is there any possibility whereby it could be

embraced in any general system except by the Masulipatam line.

Indeed the advantage this latter route presents to Madras is pro-

bably one of the greatest arguments in its favour. Still, looking

at the larger contemplated measure in its evident range, it must be

admitted even by those most interested in the prosperity and

advancement of the Carnatic, that it is impracticable by this one

line only to extend to that portion of the country the advantages

which such a line must bring to almost all the rest of India ; and

it can only be hoped that the success of the proposal herein sug-

gested may be the means of stimulating exertions that will

terminate in forming a great south-eastern trunk railway from

Bombay which would not be longer than that to Masulipatam

first discussed.

77. If the principle of establishing railways in India be taken

up as great national undertakings, either directly by our Govern-

ment and the East India Company, or in connection with and in
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aid of high-minded individuals, united in one or more private

associations, there is no doubt a railway to Madras, as well as one

to the north-west frontier of India, will thereafter be established.

Although Madras and its dependencies could not, for the present,

be included in the great series of intercommunication, another

district would have advantages and facilities extended to it of

which it is now in want, and which may produce most valuable

results.

78. The new and important colony and fine harbour of Amherst,

and the adjacent town of Moulmein, in the Gulf of Martaban, near

Eangoon, and the mouth of the Irawaddi, and also the settlement

of Mergui, would be put in direct connection with this country

even if the line across the Tenasserim province to the Gulf of Siam
be not made. A rendezvous station between Calcutta and Singa-

pore, for the steamers to communicate with Amherst and Mergui,

might be established at Narcondam island, which is visible at

a distance of sixty miles round its horizon, and lies in the direct

track.

79. The high-raised expectations, already in course of realization,

of the prosperity of these two settlements, and the great commercial

advantages rapidly developing therefrom, merit the boon which a

line of intercourse thus brought to their shores would afford ; and

thoixgh it is far from being assumed that this could be accepted as

any compensation for not serving Madras, yet as that cannot be

done, at any rate it is at least well that such thriving colonies as

Amherst and Mergui can have a benefit like this bestowed on them.

Before quitting this subject it may be noticed that there exists

every reason to believe that a road for elephants and wheeled

carriages formerly existed between Mergui and Banguaroon, the

plain on the west side of the Gulf of Siam, where the steam-packet

station has been contemplated for forming a more direct communi-

cation with China by Macao, from which it is distant little more

than a week's steaming.

80. Having thus, it is submitted, satisfactorily established the

fact, that a railway between Bombay and Calcutta will be the

best and quickest mode of communication between England and

China, let the local advantages of this line be the next point of

inquiry. It seems needless to repeat here the general arguments

adduced in reference to the line from Bombay to Masulipatam,

since they are strictly applicable to this projected substitute,

which pervades in a north-east direction, provinces more rich,

more fertile, more salubrious, and more under the control of Great

Britain. Details are impossible in this present stage, but abun-

2 K 2
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dant general information is extant to sliow wliat capalDilities now
exist, when fair means of development are presented; nor must

the sources of traf&c be supposed to be confined to the mere line

of railway or to the closely adjacent country. If, at present, the

merchant transports, at heavy cost and risk, the productions of

Candeish, Aurungabad, Berar, Malwa, &c., many hundreds of

miles by the rudest means, to Bombay in the west, or to the

Ganges in the north, thence to descend many inore hundreds of

miles to Calcutta, what may not be expected when the railway,

pervading the land like a mighty river, will offer at every station

a market, or, at least, a point of embarkation for the collected

produce ?

81. A lateral transport of one or two hundred miles to attain

the railway is comparatively trifling to what has to be traversed

at present. Even at an increase of 50 per cent, upon the prices

quoted as the proper mercantile railway charges, produce could

be brought from any part of the districts thus penetrated, either

to Calcutta or to Bombay, at less than Id. per lb.—including the

cross-country carriage—to the railway, and from most of the richest

districts at half that cost. With the economy and rapidity for

moving over the country afforded by the railway, and with the

facilities for collection and inspection, the frauds in packing so

bitterly complained of, the neglect in cleansing and preparing, the

errors and prejudices, and the attention to less useful articles of

culture will all be removed. The monopoly possessed in so extra-

ordinary a degree by that remarkable class of traders and their

ao-ents known under the general name of ' Marwarries,' will be

broken through. The ' Ten Photodars,' as they are called, who have

the command of the markets in every bazaar, from Bombay to

Calcutta, and from Delhi to the banks of the Krishna—over

nearly a million of square miles—will find watchers of their

frauds in collection and distribution, and rivals in their business

at every step, when a few hours will convey the English mer-

chants or his active representatives, to any of the many stations

on the railway,'"whence the most distant mart would be speedily

attainable.

82. The direction between Bombay and Calcutta will be easily

reo-ulated in its details, as any minor deviations will not affect the

o-reat bulk of traffic ; and until further progress in this investigation

is made, the general course pointed out as going direct from

Bombay to the valley of the Nerbudda may be assumed, if such

iirect route be, under all circumstances, preferable ; and from the

A "''erbudda the line passing along the extensive coal and iron
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fields, and approacliing the great commercial and military ports

and populous cities in the provinces of Allahabad and of Berar,

will combine, in its course, most of the favourable points which
generally influence the selection of a railway. There will then only

remain to investigate the various circumstances which might lead

to making the grand detour of the line on the western side of

India which has been before mentioned.

83. In reference to this question, it shoiild be observed, that a
distinguished military officer, in the service of the East India

Company, left England very recently on his return from a visit

to London, made for the purpose of collecting the best materials to

enable him to form an estimate of the probable cost of forming a

railway from the farthest north-west port of the Bombay presi-

dency at Deesa, near the head of the Gulf of Cutch, through the

province of Ajmeer, by Balmair and Jessulmair, and across the

desert of Sinde to Bukhur on the Indus, near the great commercial
Affghan city of Shirkapoor.

84. Assuming that such a communication is called for and much
wanted, as will indeed be shown, then it may be inquired whether
a certain extension to the south from the suggested line, as far as

Broach, might not be a weight}^ argument in favour of turning the

main trunk of railway from Bombay to Calcutta to meet it.

Suppose this to be done, and the lines all completed, then, casting

a glance over the map of India, how forcibly we must be struck

with the powerful union effected throughout Hindostan by such a
series of railwaj's, especially could the south-east line to Madras
be included within this system!

85. From Bombay to the banks of the Nerbudda river, near

Broach, would be 200 miles along the princijDal line ; from this

place Calcutta is distant about 1,000 miles, and the nearest point

on the Ganges by railway—being in the vicinity of Allahabad or

Mirzapoor—is within 700 miles. From Broach to Deesa is 180;
and from Deesa to Bukhur about 320 miles, thus making the

north-west branch to the point of safe and uninterrupted steam-

boat navigation on the Indus 500 miles. The station at Bukhur
being thus distant, in time—by means of the almost talismanic

railways— three days from Calcutta ; two days from Allahabad

;

one and a half from Bombay, and about three fi-om Madras;
Bukhur being also only about 500 miles, or two days' steam-boat

journey, from Attock, Lahore, and all the other points at the

heads of navigation on the five great branches of the Indus.

86. The real difficulties against duly profiting by the oi^ening

of the important river all lie below Bukhur, from the continued
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changes of its course between that place and the sea, and from the

dangerous ever-shifting channels and shallow waters at the mouths

of its Delta. Above Bukhur the navigation is clear and open up to

those towns now unhappily the seat of war, hut which it is hoped

will soon be over and give peace to only peaceful emporia ofcommerce.

87. What a host of ideas arise in the mind at the mere sugges-

tion of the grave and probable adoption of such a combination as

would place these remote points of India within as many days as

they are now almost months distant from the centre of our re-

sources, and that not simply for despatches, but for armies and all

their ' materiel !' What a contrast of the capability presented of

rapidly transporting supplies of troops and munitions of war, com-

pared with the trains of camels traversing the desert, each with a

cannon-shot swinging on either side, or with the sickly march of

the jaded and spirit-broken Sepoy

!

88. The cost of such a branch railway from'Broach, by Deesa,

to Bukhur and Shirkapore, with the extra expenses incurred in

taking the detour by the estuary of the Nerbudda, would be

covered by five millions, which, with the charge for the line

between Bombay and Calcutta, is an aggregate of sixteen millions

sterling, or as many crores of rupees ; and well-informed persons

have asserted that such a sum would barely cover the expenses of

the AfFghan war

!

89. But peace restored, such a railway would be advantageously

employed in taking merchandise for the natural wants of the

countries beyond the Indus and Sutlej. These require to be

supplied with the metals and manufactures of England, the silks

and indigo of India, and the teas and spices of China and the

Eastern islands, of all which articles large quantities are con-

sumed. In return, from the Punjaub cotton and sugar, crystal

salt, saltpetre, &c., might be exported to any extent. From Mool-

tan, tobacco of the finest quality in the world. Almonds, raisins,

currants, and groceries (already supplying all Upper India) from

Cabool. From Affghanistan, through Shirkapore, oils, drugs, dye

woods, &c., and assafcetida, used greatly in all parts of the world,

but throughout India as a daily condiment. At present the trade

is carried on from Bombay by coasters to Bhownuggur—a small

port on the north side of the Gulf of Cambay—and thence

by canals to Palee as a central point, branching from thence to

Shirkapore and to Amritzer, near Lahore. English piece-goods,

tea, spices, cochineal, indigo, quicksilver, &c., are sent through

at a cost of Id. per lb. to the latter and 6d. per lb. to the

former place, the time occupied being two months and six weeks
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respectively; this is at the rate of about Is. per ton per mile,

including the sea voyage; the canal traffic costing 18d. per ton

per mile.

90. From Calcutta spices, metals, &c., are sent nearly 1,000

miles up the Ganges or the Jumna, and thence carried by hackeries

400 miles to Amritzer, at a cost of from 2d, to 3d. per lb. for the

entire distance from Calcutta, of which the river freight is not less

than 2d. per ton per mile, and the hackery charge about 8d. per

ton per mile ; the period of transit between Calcutta and Amritzer

occupying nearly five months.

91. With all these disadvantages of expense and delay in transit,

the annual value of the Bombay exports to Amritzer, with 350

miles of sea and 800 miles of land-carriage, is officially stated at

half a million sterling, of which one-fourth is 'in English piece-

goods ; and to Shirkapore, about £50,000 sterling. The value of

the exports from Calcutta to Amritzer is about £150,000, with

1,000 miles of water and 400 miles of land-carriage.

92. With the facilities of a railway route to Bukhur, and steam-

navigation on the rivers, certainty, regularity, and great economy

of carriage must ensue, and especially would an opening be made
for receiving the produce of the country in exchange for the imports

—for want of all which there is a great limit to the consumption of

English piece-goods, metals, &c., &c., these being now considered

great luxuries, but which would hereafter become articles of general

use. And it must be again remembered, that it is only by our

taking in exchange the natural productions of Upper India that

the inhabitants can afi'ord to buy our manufactures. It would seem,

from the latest accounts, that it is almost hopeless to navigate the

Indus below Bukliur with success ; the railway is therefore the

only resource ; and there can be no reasonable douljt that the

increased trade and facilities will repay the cost, if brought within

the amount stated, of which satisfactory assurances can be given.

A great deal of valuable information on this head is to be found in

the Eeport of the Chamber of Commerce of Bombay, for the fourth

quarter of 1839-40, dated in September of the latter year, par-

ticularly in the notes of Colonel Ward.

93. In recapitulating the lines of railway which might be advan-

tageously opened in India, we have in round numbers the fol-

lowing :

—
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Abstract of Distance and Expenses.

Distance.
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into a more detailed investigation, which may be likely to lead

to some practical result. A survey will in some shape be necessary,

and various authentic returns, which may probably onlj^ be satis-

factorily obtained in India. If the line to Masulijiatam be pre-,

ferred, the task will be shorter and more simple. If the bolder and
more comprehensive measure of the Calcutta railway be chosen,

or only one or more portions of it, a decision will be first required

on the direct or the circuitous line between Bombay and Hoshun-
gabad ; and the greatest consideration will have to be brought to

bear on the solution of this important question. Hereafter it may
not be unreasonable to suppose that both lines may be constructed

;

but, as the first step, a choice must be made between the two,

which will of course be swayed by the j^art taken by Her Majesty's

Cabinet and the Court of Directors of the East India Company.
This leads to the point where the matter ceases to be debateable

on private considerations, and leads to an attempt being made to

investigate it wholly on great public grounds.

96. Without observing further on the policy of the East India

Company, it may be remarked, that little or rather nothing has

been done by them for India for the true development of its re-

sources ; since easy means of internal communication—the very

first step necessary to effect this object—have never been attempted

until very recently indeed ; and were the whole projected system

of railways unconditionally undertaken by the Company, it would
be but a tardy fulfilment of long-deferred obligations which their

claim of seignorial dues on the land requires of them. That " pro-

perty has its duties as well as its rights " is equally true in India

as in Ireland ; and quite irrespective of the political colour which
was given to that aphorism. As has been observed by an eloquent

writer in India, in a valuable but fugitive report, " Improvements
" are the bounden duty of a government which claims the landlord's

" right of property of soil, and leaves the great mass of the inhabi-
" tants no higher objects of amor patrice, or claims from that govern-
" ment on their patriotism, than the limited gratitude of a rack-rent
" tenantry : the doctrines of political economy, though true as mathe-
" matical demonstrations, apply not in cases where the native ener-
" gies of the people lie crushed under the most debasing of all

" superstitions, and the most exhausting of all systems of taxation."

97. So sensible of the value of better and improved roads have
been the best informed resident officers of the East India Company,
that, a few years since, it was proposed by them that five per cent,

of the reveniie of the country should be appropriated to its general

internal improvement ; and the principle of such a measure was
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fully admitted by the late Sir Eobert Grant, the enlightened

Governor of Bombay, who only so modified the idea as to suggest

a smaller percentage. The establishment of a distinct Department

for Eoads in the Bombay Presidency about seven years ago, under

a competent Engineer ; the operations since conducted by him, to

the aggregate amount of about £50,000 sterling; and the late

suggested imj)rovements in the navigation of the Nerbudda river,

all prove that the principle, at least, of the East India Company
attending to internal improvements is fully admitted, and was

acted on ; though it is to be lamented that courage has hitherto

been wanting to carry this principle to a sufficient extent, or to

mete out the full measure of justice due to the country, and to lead

to a develojiment, not only of its commercial and agricultural

capabilities, but to effect its military security.

98. Taking one million as the annual amount for interest and

sinking-fund to be charged on land revenue, in addition to the rail-

way profits, surely the credit of the East India Company could

raise in a few hours the necessary capital. This will practically be

the same as one of the plans proposed for obtaining money to make
railways in Ireland, of which the leading feature was to be an exten-

sion of the credit of the State to the counties, on the security of the

local resources. Why not, therefore, at once raise the money by an

Indian Eailway Loan on Long Annuity Stock, secured on the land

revenues of the particular districts of the country to be pervaded and

benefited ; or by many of the financial contrivances well known in

the London Money-market ? The security to the investors is un-

doubted ; the risk to the undertakers nothing ; the amount of imme-

diate benefit, in an agricultural, commercial, fiscal, military,

material, and, in short, every point of view, almost beyond bounds

of expression.

99. India, under railway aspects, greatly resembles Ireland in

many respects, and the weighty reasons adduced in favour of Irish

lines seem to present themselves naturally to the mind while contem-

plating Indian railways ; and the following arguments, hastily

blended, are but the echo of what was written and urged in all

quarters at the time in favour of operations in Ireland, and which

come, happily, to hand and are easily apj)lied, miiiato nomine, to

India :

—

" As far as one or two principal lines go," wrote the

powerful pen of the Editor of the Times, " railroads are

" perhaps the most useful mode in which public money could

" be expended in India." " A nation," observes a writer in

the Athenceum, "may wisely spend money upon other considera-
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" tions than those which govern a private capitalist." " We know
" not, indeed, liow the trading house of Great Britain & Co.

" could lay out money to a greater advantage than by
" bringing its Indian resources into full operation." India
" is a farm in the worst possible condition ; out of heart and
" unprofitable. In such cases the wise man applies his
" other resources in the work of amelioration ; he advances
" his capital on the prospect of remote hut certain returns."

" Time does wonders : the Eeport " (on the Irish Eailways)
" will at least contribute to hurry on events, by the know-
" ledge of the details which it will disseminate. In adding
" the unit of our own convictions we do our duty as joumal-
" ists and ease our hearts as men. We repeat, then, that
" the project of a grand and comprehensive system of rail-

" ways for India is a godsend to the cause of humanity, of
" peace, and of national prosperity."

100. The admirable section (of the Irish Eailway Eeport) " On
the influence of Bailwajjs in developing the Resources of a Country"

contains a multitude of statements calculated to inspire the firmest

hopes of the success of those works in India :—
" We have direct proofs " say the [Irish Eailway) Commis-

sioners, " that India is as capable as other countries of being
" influenced by the same cause and of profiting by its ope-

" ration ;" and they add forcibly :
" and there is this addi-

" tional motive to recommend the subject for consideration,

" that the backward state of the country presents a stronger

" obligation, as well as a wider scope for improvement. Past
" misgovernnient and neglect have certainly left an ample
" field for exertion in India ; and decidedly the moral obli-

" gation to commence the work of amelioration grows
" stronger every hour."

101. And how inexpressibly applicable to India are the follow-

extracts, also from the Athenceum :

" From the prosperous results that have followed other
" projects that have from time to time been undertaken, to

" better the state of India, the fairest auguries are to be
" drawn for the enterprise now recommended. In every
" case where a new ordinaiy road has been opened through
" districts before impervious, an increase of traffic and inter-

" course has been the uniform consequence, by extending
" the field of industry and contributing to the tranquillity

" of the country, by opening and facilitating communication
" through tracts where guilt and outrage had previously
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" found secure asylums." "Eesults equally happy have
" attended other undertakings, proving the aptitude of India

" to profit hy all the efforts of i^ublic or private enterprise,

" to develop her resources and give her energies employ-
" ment. The regular establishment of steam navigation

" upon the principal rivers and along the coasts of India has

" given to mercantile and general social activity a vast

" impetus. Not only have old branches of trade been ex-

" tended, hut nine-tenths of the traffic at present carried on is

" new. That a well-arranged system of railways would have
" the effect of continuing and extending through the country
" the advantages which the outports have thus obtained by
" the introduction of steam-vessels seems to be indisputable.

" In fact, in the present state of commerce tlie railicay is an
" exigency of the countrij—one of the principal wants of India.

" Perhaps we might lay down a general proposition, and say

" that a railway is a corollary from a steam-ship.

102. " Upon the moral effects of the extended intercourse

" likely to take place between England and India in conse-

" quence of increased facilities of travelling in the latter,

" considerable stress is very properly laid. Most true it is,

" and not more true than deplorable, that India is very little

" known to the British people ; nor can we imagine any better

" means of promoting that most valuable of useful informa-
" tion (in fact, it is self-knowledge) than the execution of a
*' great system of public works, forming an eas}?- and rapid
" mode of communication throughout the country. Bacon,
" in the ' Advancement of Learning,' interprets the texts in the
" prophet Daniel, ' 3Iany shall run to and fro, and hnoivledge

" ' fee increased.' Of the effects to be anticipated from the
" progress of nautical adventure, and what he calls the
" ' openness and through passage of the world.' With how
" much more force would this application of the prophetic
" words have struck our great philosojiher, had he seen the

" steam-ship and the railway ! Multi pertransibunt ! may
" well be exclaimed of these days of ours ; and yet we see

" but the infancy of these mighty instruments of civilization

" and enlightenment. The steam-ship was the first bond of

" real union, thorough and indissoluble. Most truly observed

" the French Minister of Public Works, in a late address to

" the Chamber of Deputies, ' Eailways are, next to the in-

" ' vention of printing, the most powerful engine of civili-

" ' zation that the ingenuity of man has ever devised. It
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" ' is difficult, if not impossible, to foresee and define the
" ' results, which they must of necessity at some period pro-

" ' duce on the fate of nations.'
"

103. And another wi'iter, acting on a different line of politics and
jirinoiples, says :

—

" We have no hesitation in expressing our decided and
" deliberate opinion, that to a country circumstanced like

" India, such an expenditure of the national funds should be
" the first duty of the Government. The tolls upon the
" principal railroads we have no doubt would abundantly
" repay the expense of construction, and the indirect returns
" to the Government in the general improvement of the re-

" sources of the country, is incalculable. So far as these
" principles go, we believe there can be no controversy or

"even a difference of opinion. AVe can conceive, indeed,
" no more noble enterprise for the British Government to

" engage in than that of constructing railways through
" India at the national expense. We have ever believed the

" great fault of all British Governments to have been a niggard-

" liness of expenditure in undertakings like these ; and we say this

" in the face of the many magnificent undertakings which even fn

" India have been accomplished by Government.

10-i. " We hold that the best, because the most practical,

" view is that which assumes, in the first instance, that the
" constriiction of railways under any system, being a good^

" we ought not from any foolish preference for either

" Government interference or private enterprize, in the
" present circumstances of India, to reject any feasible

" prospect of seeing that good accomplished. But it is clearly

" the duty of the Government, and the interest of the public,

" that whenever private enterprize is willing to execute a
" railway from one place to another, every facility should be
*' afforded by the State, unless Government are ready to

" supersede its efforts by constructing the proposed railway
" at the public expense."

105. On general principles, and as applied to free states, a

Government ought not to interfere with any enterprize that might

otherwise be entered into by associations of individuals ; but when,

from the magnitude of the undertaking, private enterprize shrinks

from the task, and when the Government is at the same time

owners of the soil, it stands in the position of a simple proprietor.

Or, even if that were not the case. Government aid should be ex-

tended when the condition of the country is such that in respect of
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advancement—as regards tlie surface only— from a state of nature,

as in India, it may be said scarcely to have gone a step, yet, having

the population advanced considerably in all the arts and usages

of civilization, imbued with skill and industry, but without

capital.

106. In such cases, though a particular work may be executed

by individual enterprize, a great system of internal improvements

such as the railways contemplated, might be best effected by the

State. Eules laid down in this respect for England are not appli-

cable to India. England is chiefly engaged in mineral, manufac-

turing, and commercial pursuits ; and those who follow agriculture

generally do so on a large scale, and on scientific principles, so that

the productive effort of the well-fed skillful labourer, on a soil of a

much inferior quality, is greatly more than what it is in India,

where the largest body of the population have scarcely any emploj^-

ment but agriculture, followed, not as a j^ursuit based on capital

and executed with skill, but as the means of procuring to its inha-

bitants this stinted daily allowance of food of the most inferior

kinds ; and whereby— it may be added—from the peculiarity of the

climate and seasons, and, above all, from the want of any sort of

economical means of transport, the wretched people are often

scourged by famine.

107. The preceding are the substance of some arguments in the

Duhlijji Beview in reference to railways in Ireland, and the same

writer says :

—

" The advancement of England to its present state of

" improvement by the energies of individuals, and the

" combined skill and pecuniary resources of associated bodies

" of capitalists, is the aggregate result of the labour of two
" centuries."

In several of the American states, particidarly that of New
York, they have been advanced vastly in the scale of national

importance and prosperity—too often, alas, from the outlay of

unrepaid English capital—by the creation of numerous links of

intercommunication—chiefly, however, under the direction of the

state governments—effecting for that country within five and twenty

years a development of resources unparalleled in the history of

interior ameliorations ; a result which can only be compared to

—

what may certainly be predicted—the consequences of the improve-

ment of India, an example which our Government have followed in

Canada by the construction of the Eidean Canal, and which must
be followed out in India by the adoption of the railway system if

the Government wish to advance—at a pace equivalent to the move-
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ment on those lines—the improvement of these fertile districts,

instead of allowing them to crawl, walk, ride, wagon, canal, and

coach themselves through centuries of difficulties, to that stage of

improvement to which they might at once attain, almost by a

stride, by proper aid from the Government, indirect, at least, if not

more decisively, extensively, wisely, and directly afforded

:

" Since " (to repeat the most expressive language of the

Irish Railway Commissioners, and here applied to India) " it

" is a waste of the public available resources to suffer a large

" portion of the empire to lie fallow, or to leave it to struggle,

" by slow advances and with defective means, towards im-
" provement, when the judicious aid of the State might at

" once make it a source of common strength and advantage."

108. In the words of a writer in one ofthe quarterly periodicals :

—

" Wlien society would derive a vast benefit from any public

" worh, which private interest might not consider a suffi-

" ciently tempting speculation, or might not possess the

" means of accomplishing, we hold it to be the part of

" Government, which represents the general interest, to be
" the undertaker. We apprehend this has been the case of

" India for many a day, and we have already shown that the
" community have profited most amply by the little in the
" way of public works which the Government have effected

" in that country."

109. Ten or eleven years ago a Select Committee of the House
of Commons, in considering the post-office communications, thus

reported :

—

" Every new communication which shall be opened will

" open new districts for the employment of capital and the
" increase of industry ; a new market for the manufacturer,
" a new supply of food for the artisan, and a new source of
" revenue for the State. Every improvement of lines of

" communication will tend to induce the capitalist to settle

" in the more remote parts of India, and thus spread industry
" and happiness in those hitherto neglected districts ; civili-

" zation and employment will extend ; and disturbance, and
" the cost of putting down disturbance, will be got rid of.

" The Government should recollect that it is peculiarly an
" English object, that the most remote parts of India should
" be connected as intimately and as closely as possible with
" herself, that this object will be mainly effected by opening
" to every part of that country the most direct and easy lines

" of communication with England."
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110. And an eloquent anonymoixs writer on the same subject

says :

—

" Facilitate the intercourse between the two countries

;

" connect not only India generally, but also her remote parts,

" as intimately as possible with England, and without in

" reality changing the distance of places, we shall in effect

" bring all not merely within the influence of each other,

" but within the influence of the executive
;
giving to each

" the advantages of both ; compressing the whole of the
" countries, as it were, within the circuit of a few days. We
" shall thus introduce into India, not only the muscle but
" the mind, the enterprize, and the security of England ; im-
" parting to her new life, new feelings, new objects, and
" new interests. Ingenuity and capital will have an un-

" disturbed and peaceable scope to improve where Nature has
" been so suj)erabundantly beneficial ; agriculture will ad-

" vance, manufactures flourish, science employ her genius,

" and talent, industry, hajipiness, and civilization extend.

" Railways and steam are indeed effecting a new econo-

" mization of life, of business, of government, which neither

" ignorance can stop nor interest interrupt ; they will be the

" great degenerating powers of India. The more the case

" is considered, do advantages, benefits, conveniences, and
" accommodations multiply. It opens to India, as it were, a
" new world, and discloses her resources to the enterprise

" and public spirit of England."

111. And in his evidence before the committee of 1835 on public

works, the writer of this report said :

—

" All experience shows that any expenditure of money on
" public works had invariabl}' introduced comfort and peace
" to the labouring population, and had increased the public

" revenues in direct proportion to the amount of money ex-

" pended. Of such public works railways stand first, pre-

" senting the mode of communicating by land ivith steam which
" by sea and by river has been so beneficial to India. Eail-

" ways possess extraordinary claims on the Government from
" their efficiency as instruments of agriculture, commerce,
" and military defence, and as conducive to prosperity,

" wealth, and peace ; claims more apparently paramount as

" regards India."

112. After so many quotations from various writers on a subject

so analogous, indeed (almost) so identical with that of railways in

India, it must not be considered supererogatory to conclude with a
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few direct extracts from tlie second Report uf the Irish Railway

Commissioners, hearing forcihly and remarkahly on the intro-

duction of a general railway system iiato any country ; and the

most casual perusal cannot fail to impress the reader with the

curious and extreme applicability of the carefully digested remarks

of the distinguished authors of that valuable document to the object

propounded in this statement :

—

113. " Experience," say the Commissioners, " testifies that

" increased facilities of intercourse between distant places,

" and more especially hetween sea-ports and the interior of a
" country, are among the most effective means of extending
" civilization with its attendant lights and benefits. Together

" with the opportunities of communication, a desire to talce advan-
" tage of them is diffused, and the important results to be
" expected will follow more promptly, in proportion as the
" means thus presented shall combine security with con-
" venience and despatch with both. The proofs and in-

" stances which sustain this assertion are not confined to

" the case of any one country or district, although they are
" more observable in communities where the resources of
" wealth and commerce already possessed liy the inhabitants
" made them to turn every advantage as it arises to imme-
" diate account."

114. " In countries less forward the ability to profit by
" the occasion does not at first exist, especially among the
" lower class, but must be acquired by degrees ; consequently
" improvement also will be gradual, and though more tardy
" in its first manifestations, is not eventually the less certain

" and striking. The extent to which intercourse is not
" merely promoted, but actually created, by the facility of

" accomplishing it would, however, be scarcely credited, but
" for the numerous and authentic examples which establish

" the fact."

After quoting many ver}^ remarkable examples of increase, par-

ticularly that in Belgium, which has been twenty-fold, and com-

menting on the extraordinary traffic of passengers moving very

short distances at the lowest fares, a fact is stated which seems

peculiarly applicable to India :

—

" When the Erie Canal in America was commenced, there

" were not, over its vast extent of many hundred miles, more
" than fifty small villages within a distance of twenty miles

" on each side, whereas, ten years after its completion, there

" were one hundred and thirty villages exhibiting daily

[1872-73. N.S.] 2 L



514 STATE RAILWAYS OF rSDIA.

" residence of prosperity and wealth, besides numerous and
" well-cultivated and well-stocked farms."

115, Having alluded to the American railways, it is stated, from

official documents, " that the railways completed in the United

States up to the 1st January, 1835, extended 1,600 miles in length,

and their cost was £8,130,000 sterling ;" being only about £5,000

per mile. One of the most expensive lines, as has been previously

stated and analysed, having little exceeded £8,000 per mile, which

sum has been assumed herein as the average of the cost of railways

throughout India.

116. " A well-arranged system of railways" (the quota-

tion is again from the Commissioners' Eeport), " woukl
" have the effect of continuing and extending throughout
" the country the benefits which the outports and river

" towns have obtained by the introduction of steamboats.

" It is scarcely necessary to dwell upon the great and
" obvious advantages that would result from such combined
" facilities of intercourse. The subsisting relations of

" business and commerce would be thereby extended and
" enlarged, and others formed, opening fresh resources to

" the industry and enterprise of the trading portions of

" the community, while an object of no less consideration

" would be immediately attained in rendering agricultural

" produce the great staple of the country, at the same time
" more profitable to the producers, and accessible on easier

" terms to the principal purchasers and consumers. An
" opinion, which we believe to be quite erroneous, has become
" prevalent, that because in populous and wealthy districts

" in which railways have been established, their traffic has

" consisted for the most part in the conveyance of passengers

" and goods of high value, they are therefore ill-adapted

" to the conveyance of goods of bulk or of ordinary value.

" We cannot, however, see any reason to doubt, but, on the

" contrary, we can see good grounds for calculating on a

" great extent of profitable traffic in agricultural produce
" as well as in other articles.

117. "It would be an endless task to point out the

" various interests and social relations which would be
" more or less affected by the introduction of this mode of

" traffic on an extensive scale ; but it is very proper,

" before we conclude this point of our subject, to advert

" shortly to its probable effects upon some departments of

" the public service. Of these the j^ost office naturally
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" first presents itself to the mind. The vast importance
" of the transmission of letters needs but to be mentioned.
" There is not a merchant or man of business who cannot
" readily appeal to instances of the great value of even a
" few hours saved. We may contemplate as another
" example the effects on the military service of the country;
" the facilitating of the moving of troops in large bodies
" over hundreds of miles in a few hours, fully supplied with
" artillery and stores, and in a state of perfect readiness

" either to oppose foreign aggression or repress domestic
*' outrage, must be apparent, and its influence can scarcely be
" overrated. But it is needless to multiply instances of
" the application of this principle, as far as its powers have
" been ascertained, to the actual concerns of the country,
" and it would be folly to attempt to impose limits to its

" future influence in creating new resources for its popula-
" tion or in giving directions, as yet unknown, to those
" already possessed. The mind can scarcely set bounds
" to the extent to which the effects of so important a dis-

" covery may be carried, nor the imagination take too wide
" a scope in speculating on its future operations. What
" has been already done upon its very threshold, and, as it

" were, in the dark, seems but an earnest of advantages to

" come when experience shall have shed its full light upon
" the subject and brought this wondrous power still more
" within the grasp and command of man."

118. And it is desirable to state on the authority of the Irish

Eailway Commissioners :

—

" That it tcould completely frustrate most important objects, and
" oppose a bar to future imjyrovement, if those portions of railway

" lines ivhich hold out special objects of advantage are alone

" undertalcen or monopolized by isolated companies— such, for

" example, as the first sectioning out of the great towns "

[Bombay, Calcutta, &c.] " over which all the trafBc with
" other places, near as well as remote, must of necessity pass,

" for it is manifest that if the best and most productive portions

" are taken possession of unconditionally, there can be no reason-

" able hope that the remainder ivill ever be carried into effect.

" It ivould be even more advantageous that no part of the line

" should be sanctioned until the country should possess ivithin

" itself the means of undertaking the whole system to its full

" extent, tlian at once and for ever to obstruct and paralyze all

" future exertions for its accomplishment by abandoniiig the

2 L 2
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" portions having particular and distinct interests, tlie monopoly
" of some of its most productive detached portions. It is

" essential for producing the greatest national advantages that

" the gain on the more profitable parts should he available to bear

" the loss of others of deficient revenue ; provided only tliat in

" the whole a fair remuneration for the capital invested can
" he derived from the undertaking."

119, It will he manifest how importantly this principle, which
has already heen propounded in an antecedent part of this state-

ment, hears on the enforcement of the railway as an entire and
comprehensive measure as between the two capitals of Bomhay
and Calcutta, and that notwithstanding its greater length and

cost, it must, in addition to being free from many of the objections

to which the Masulipatam line is liable, be, from the very fact

of the number of large places of great local traffic embraced, much
more likely to be remunerative. Still, even with this aid, and

with the advantages of pervading the great coal and iron fields,

it is obvious that over many districts, and those probably when
the cost of construction would be greatest, the traffic would be

least. Consequently, to insure the great fruits of a perfect com-

munication across India, such a connection with the great chain

of correspondence and intercourse between Great Britain and
China, one line of railway must be formed at all events, in its

entirety, and thus combine the most important advantage, which

cannot be too often reiterated, of malting the profitable portions pay for

those which are less so, thereby insuring the benefits of the railway

to those remote and central districts, when, in the words of a

fellow-labourer on those subjects, " if the pecuniary returns may
not be so great, other results may be looked for well calculated to

afibrd the highest gratification to the enlightened legislator and
statesman."

120. In reference to the natural and inevitable variation in the

amount of traffic over various parts of the railway between the

extremities, it may not be irrelevant to observe that, in treating

in a previous page on the number of trains daily, it was not

intended to intimate, nor must it be assumed, that six or any other

given number should necessarily pass daily over any whole line, as

from Bombay to Calcutta, to produce a given amount of traffic,

but that such extent of duty might be performed as an aggregate

and not exceed the assumed expense. On some divisions of this

line, five, six, or a dozen trains may leave each end per day, while

in others, two, or even only one, might be required, but it is

impossible in this stage of the inquiry to enter into such detail,
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nor is it necessary so long as the average rate of expense per train

mile over long distances, and under all circumstances, is known and
can be depended on, which the facts previously brought forward

demonstrate most fully.

121. Great, however, as the advantages of the contemplated

railway would be to all parts of India, it is of the most vital

imjiortance to the Bengal districts, possessing as they do th.e

largest amount of trade, carrying on the greatest extent of

correspondence, and having occasion for the most frequent extent

of personal intercourse with Europe and with the principal stations

in India. So impressed have the community of Calcutta been with

the high importance of a better connection with the mother

country, that for twenty years nearly they have been supplicating

for an improved communication, and especially for a direct steam-

ship intercourse from the Bed Sea to the Hooghly : liberal sub-

scrijDtions to the amount of nearly £20,000 have been made—with-

out the slightest hope of return, but merely to forward this object

generally by giving a command of funds for negotiation and in-

vestigations—and to this fund native princes, merchants, and

inhabitants freely and liberally contributed in common with

English subjects. Is it not, then, to be expected that they will

hail with acclamation a proposal that will place them within two
days' distance of Bombay, and at the same time open an economical

channel of communication with the interior for all the purposes of

interchange of native produce and imported manufactures ?

122. Nor will the English merchants of Bombay and the in-

telligent and w^ealthy Parsee traders be backward in supporting a

measure securing to their port the inland traffic, which imperfect

roads are driving away to a much more distant market. If, in

short, the advantage of a steam connection between the Eed Sea

and Calcutta direct were so great as to elicit the expression from

Lord William Bentinck, when Governor-General of India, " that it

" would be cheaply bought at any price," although it would have

left Calcutta still fourteen days farther from England than Bombay,

what may not be expected from the opinion, support, and exertion

of that community to a place which will practically place them on

an equal footing in that respect ? If the eloquent passages which

are extracted below from the manifesto of the committees ap-

pointed to forward the steamboat arrangement were called forth

in support of the Calcutta petitioners, the pen of the talented

writer would be still more ready to support so satisfactory and

complete an arrangement as now contemplated ;

—

124. " To India," says that writer, " England is indebted
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" for wealth, for fame, and in some degree for the prominent
" station she holds among the nations of the world. In
" return, she has a duty to perform to the countless millions

" subject to her sway— a duty which can never he performed

"as it ought to be until the barrier which upholds their

" mutual ignorance, and thence fosters their mutual preju-

" dices, is broken down. That barrier once removed, can it

" be for one moment doubted that the arts, the science, the

" civilisation, the capital of England would rapidly find

" their way to India ? Their very nature is to extend.

" They only require a road, and when that is made easy to

" any place needing their presence they cannot but go.

" India does need these, and England can furnish them, and
" it is her duty to do so.

125. "It is her bounden duty to open wide the doors of

" India for the entry and spread, emphatically, of the know-
" ledge of Europe. It is the one thing needed in India to

" enable her to advance, as, under the dominion of England,

" she ought to do, in the scale of nations, and this can only
" be done by approximating the two countries in the manner
" proposed. Among the advantages to England would be
" the more ready employment of capital, with consequent
" extension in commerce, and the greater security of the

" Indian empire, and numerous other similar benefits more
" and more apparent to those who have paid attention to

" the subject ; and nothing would appear to be wanting to

" insure a communication being established, as it ought to

" be, on the most enlarged and perfect scale, but a similar

" general expression of the public desire of the British

" Islands, as has now been long declared through all parts

" of India."

126. It is now time to draw this long Paper to a close, though

not without expressing a hope that what has been adduced may
lead those for whom it is intended to take some further steps in

the inquiry, and afford another opportunity for going into and
discussing the points of railw^ay construction and working, esti-

mates, returns, &c., and a variety of details generally, which it has

been impossible to attempt at present. The maps hereto attached

have been compiled with the kind aid of John Walker, Esq.,

Geographer to the East India Company, to whom the best ac-

knowledgments are due for his extreme attention and valuable

assistance. The general points herein mentioned are marked on
Allen's Map of India, and the chart of the route between England
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and China will ohicidate the subject of the distances on the line of

steam-ship transit.

127. Yerj great attention has been experienced from the officer

of the East India Company's Library and Museum, and from the

librarians of the Asiatic and Geological Societies. Professor Eoyle
afforded the loan of some valuable reports and pamphlets ; and it is

only due to that eminent naturalist to refer to his invaluable work
on the ' Productive Eesources of India ' as a fount from whence
much information has been drawn, and which should be studied

by all interested in the advancement of India.

128. In conclusion, it may be remaiked that the great object

herein has been to broach the leading principles, to analyse the

l^rincipal features only of this subject, and to draw the attention of

those interested, and who have originated the inquiry, to the con-

sideration of the proper aspect in which this absorbing question, so

pregnant with beneficial results to India and to Great Britain,

should be considered ; for, as has been observed elsewhere of the

advancement of similar works for Ireland, it may as emphatically

be said here :

—

" Few objects of ambition would be more honourable than
" that of being instrumental in promoting a general and
" comprehensive system of internal communication by rail-

" way through so important a portion of the empire as
" British India."

(Signed) Charles B. Vignoles, F.E.S.

Civil Engineer.

(Dated)

London, Sej^temher 22nd, 1842.

[III.

—

Additioxal Memoranda
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III.

—

Additional Memokanda as to the Swedisli Railway System,

by Mr, C. P. Sandberg, Assoc. Inst. C.E.

In order to show the extent of the development of the Swedish railway system

from a technical point of view, the tables annexed have been drawn up. They
are divided into Tables I., II., and III., and some of the figures therein are

taken from official sources, such as the recently i^ublished ' Nordisk Jernbane-

Kalender.'

Table I. shows the cost, gauge, and speed of the lines open for traffic, the weight

of rail per yard in use, the working results for 1871, and finally the working

conditions. Table II. deals with the cost, gauge, and speed of the lines actually

in construclion. Many new schemes are proposed, companies are in coui-se of

formation, and concessions are granted to cany out some of the projects; but they

are not included in the table.

Several of the details are wanting with respect to the lines mentioned in

Table II., but the results given are sufficiently numerous to arrive at a practical

conclusion with regard to each kind of gauge and construction.

An abstract of the two foregoing tables is given in Table III., which may
now be more particularly analysed. The railways in Sweden are divided into

two classes, those of 4 ft. 8j in. and those of a narrower gauge. The railways

of tlie standard gauge are again subdivided into two classes, namely, those of

heavy and of light construction. The narrow-gauge railways are divided into

four classes, according to their widths, namely, 4 ft., 3 ft. 6 in., 3 ft., and 2 ft. 6 in.

The total lines open to the end of last year, with their average cost per

mile as well as their milenge, as derived from Table I., are arranged for

comparison with the speeds indicated at the head of the columns. These speeds

are obtained by taking the averages recorded in the time-tables, and 50 per cent.

is added to obtain a maximum, making allowances for delays, for working at

lower speeds than average on up-hill gradients, on curves, and at the stations.

Similar figures are given for some of the lines in course of construction, assuming

the speeds at which the trains are proposed to be worked, and taking the cost as

estimated. Next follows the total mileage of the two classes taken together at a

mean cost per mile, from which it will be seen that there are nearly 2,000 miles

of standard gauge open and in construction, as compared with about 400 miles

of narrow gauge, or out of 2,400 miles of railways there are only 17 per

cent, narrow-gauge lines as against 83 per cent, of broad gauge. Of these 17 per

cent. 5 per cent, are unconnected, and 12 per cent, connected with the main

system. The unconnected lines consist of nine separate short pieces in difierent

parts of the country, 115 miles in all, principally used for mineral and timber

traffic between lakes and mines, where sledging was formerly emijloyed in the

winter.

Thus the total mQeage, when completed, of the 12 percent, of connected narrow-

gauge lines will be 258 miles, divided between eight branch lines. But at present

there are only 82 miles open, and hence there is ordy one instance of break of gauge

in all Sweden, namely, at Herrljunga.

As regards this solitary example of break of gauge from 4 ft. to 4 ft. 85 in.,

the line in question has been working about ten years, and the experience

derived from it must have greatly influenced the decision in respect to the

construction of other railways connected with the main lines, so much so that

in the history of nearly all the branch lines we find that after subscribing

capital for the first estimated cost of a 3 ft. or 3 ft. 6 in. narrow-gauge
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Hue, the next proceeding Las been, in nearly all instances, to consider

whether the gauge should not be clianged to 4 ft. 85 in. ; and in most
cases there has been an augmentation of capital to meet the difierence in

cost in maiiitiiining the standard gauge. This was only a few weeks ago the

case with the Malmo-Ystad line. In one instance, the Norbcrg line—constructed

about ten years ago—a widening to the standard gauge is now going ou to meet
the approaching main line.'

However, there are instances where there is no more capital available, where
railway communication is a necessity, and where the expected traffic is so small

that it would hardly pay even for a narrow-gauge line. Of this class there are six

lines, averaging 20 miles each in length, which may be termed feeders to the

main line, cheaply constructed for low speed and light agricultm-al traffic. The
comparison between the relative mileage of the broad and narrow gauge lines

shows that the narrow-gauge idea has of late met with very little encouragement

in Sweden.

In comparing the cost of the standard-gauge lines of heavy and light con-

struction with the cost of the narrow-gauge lines, it is essential to include

the speed as a most important factor, for unless that is done when com-
paring the cost of the standard gauge of heavy construction with that of the

narrow gauge, the advantage is all on the side of the latter, but taking tlie speed

in as a factor of tlie cost of making a line it seems to be more deserving of

consideration than even the gauge.

The Swedish State lines, costing nearly £7,000 per mile, running at a maximum
speed of 37 miles per hour, tnken with the light lines of standard gauge at £4,000

a mile, with a speed of 23 miles per hour, give an average cost of standard-gauge

lines amounting to about £6,000 per mile, capable of a general maximum speed

of 33 miles.

Against this the narrow-gauge lines of different widths constructed at an
average cost of £2,900 a mile, are capable of a maximum speed of, say, 15 miles per

hoiu' ; but the reason why they are so much cheaper is that many of them
are not adapted to passenger, but only for mineral and timber traffic. Finally,

the two are set side by side in the table, so as to compare cost, speed, and gauge.

It will be seen at once that the cost is nearly in direct i^roportion of the speed

whatever may be the gauge, and of those comparing most favourably are the

lig.it standard gauge and the 3 ft. 6 in. gauge, which have an advance 4 per

cent, of speed over that of cost, whereas the 4 ft. gauge has just so much less

speed as compared with its cost. Singularly enough, besides the 628 miles of

heavy lines of standard gauge now in construction, the two kinds of railways most
in vogue in Sweden at the present time are the 400 miles of the light standard

gauge, and the 88 miles of 3 ft. 6 in., but none of 4 ft.

In conclusion, as far as the practice on the Swedish railways goes, it must be

first stated that the information given in the tables is put down as nearly as can

be ascertained, and as fairly as possible. It is manifest that the figm-es are

liable to modification, especially with regard to lines in construction, but they

are given as estimated and in accordance with practice already obtained, antl for

the sole purpose of technical comparison. These results dejiending in great

measure on local circumstances in Sweden may not be applicable to other countries

except on similar conditions. There is of course nothing to prevent a higher speed

' Since the above was written the Swedish mail brings news of a contemplated widening of the

3 ft. 6 in.-gauge Sunds\'all-Torpshammar line, in view of the approaching extension of State lines

in that direction. This line, after careful consideration in Parliament, is to be constructed as a
' light railway ' on the 4 ft. 8^ in. gauge.
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being adopted on narrow-gauge railways than what is run on those in Sweden,
but in euch case they must bo constructed for the purpose, with more favourable

gradients and curves, with stronger permanent way and rolling stock, and at a

consequently increased cost. So much so, that the conclusion Mr. Elworth, the

Director of the State lines in Sweden, arrived at three years ago. as to the difference

in cost between narrow gauge and broad gauge for the same kind of work done,

seems to guide railway construction in Sweden even now, at least judging from

the tables.

The cost of translading of goods and passengers, and the delay and incon-

venience caused thereby, is unimportant when , compared to the loss of time

incurred by traveling over long distances at a low speed, but it should not be lost

sight of where time is of value. In Sweden, with the standard gauge already

established to a great extent, a cheaper and ligliter construction seems to be

preferred to break of gauge. TJiis is at least the case with some of the private

companies who cannot afford to copy the heavy system of broad gauge, of which

the Government railways are the type.

As there are a great many opponents to the construction of light standard-

gauge lines,'worked in connection witli the heavy ones, owing to the apjirehended

destruction of the lighter rails in case the engines in use on the heavily-constructed

lines should run over them, the following calculations may possibly serve to

obviate some of their objections :

—

In the instance of the Swedish State lines, with rails weighing 66 lb. per yard,

and a 27-ton engine running at 37 miles per hour, the maximum effect on the

rail may be taken as 37 X 27 = 999.

In the case of a line of standard gauge of light construction with rails weighing

50 lb. per yard, as used on some of the joining lines, we have 66 : 50 : : 999 : 750

756
and = 28 miles per hour, as the proportionate maximum speed for the

lighter rail, so far as safety is concerned. As, however, there are also other

effects of the heavy engine, such as crushing the rail-head, and bending the rail,

the load on each driver must in no case exceed one-half and two-thirds of what

the rail and rail joint will carry without taking a permanent set. It is clear

that the reduction of the speed cannot compensate for too great a disproportion in

the weight of the engine as compared with that of the permanent way ; but ou

the other hand it is obvious that where the difference is not too great, the

lowering of the speed will overcome the difficulty of absolutely limiting the

rolling stock to its respective road. In case of emergency, such as war, a some-

what heavier rolling stock could very well be used without risk, although it is

quite right that each road should, as far as possible, be worked by rolling stock

suited to it. In giving these weights of rails, it need scarcely be said that their

efficiency does not depend solely upon the weight, but also upon the form of

section and the quality, inasmuch as a 50 lb. rail of modern section and good

quality will do the work of a 66 lb. section if of extravagant form and poor

quality. Although Sweden can show a few cheap narrow-gauge lines, the

light construction of the broad gauge is preferred from sufficiently long experience

of then- relative value. The reason seems to lie in the warning presented by the

solitary example of break of gauge, coupled with the already iu-m establishment

of the standard gauge in the country, and not from any disbelief in the efficiency

of the narrow gauge, judged by itself, for countries where there is no standard

gauge system already constructed.



TABLES I, n., AND III.
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Table I.— Cost, Gauge, and Speed

Name of Line.

State Lilies .

Royal Swedish .

Gefle-Dala .

Total . . .

Ybtad-Eslof . . .

Landsciona - Helsing
borg-Eslof

Kristianstad - Hessle
holm ....

AVexio-Alfvesta .

Marma Saudarde

Total . . .

Boras-Herrljuuga .

Uddevalla - Wenersboig-
Herrljunga

Wessman Barken .

Norberg ....
Soderhamn .

Hudiksvall .

Total . . .

Koping-Uttersberg

.

Kristinchamn-Sjoandan

Fryksta ....
Total . . .

Ki-oppa ....

Mile-
age.

692

5i

57

Weight
of Rail,

lbs. per

Yard.

lbs.

66

66

60

Total Cost of Construction per English Mile.

(Single Line)

4 ft. Si in.

Gauge.

7,450

4 ft. 8i in.

Gauge.
4 ft. in.

Gauge.
3 ft. 6 in.

Gauge.
2 ft. 6 in.

Gauge.

„ „, , (Standard Gauge,
^'"^^^

jj Heavy Construction.

6,817 J

803 Miles at £7,328.

47

37

18

11

6

50

50

50

50

44

4,477

4,778

4,730
Standard Gauge,
Liirht Construction.

119 Miles at

3,784

5,584 J

£4,003

25
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Table II.—Cost, Gauge, and Speed Proposed for Lines in CoNSTRucrriox in Sweden
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Table III.

—

Cost, Gauge, and Speed Compared of Railways in Sweden.

Standard, i ft. Pi in. Gauge. Narrow GauM.

Heavy Construc-
tion. Maximum
Speed worked to

37 Miles [)er

lluur.

Light Construc-
tion. Maximum
Speed worlvcd to

23 Miles per
Hour.

4 ft.

Maximum
S|ieed worked
to 22 Miles
per Hour.

3 ft. 6 in.

Maximum
Speed worked
to 15 Miles

3 ft.

Maximum
Speed to be
worked to 10

per Hour. Miles per Hour.

2 ft. 6 in.

Maximum
Speed worked

to 8 Miles
per Hour.

LINES OPEK.

miles miles miles 'miles
|

803 at £7,328 ! 119 at £4,G03 lll9at£4,4GG 33tit£2,322,
miles

6ut£l,440

LINES IN CONSTRUCTION.

miles

C2G at £6,358
miles

400 at £3,809
miles

8Sat£2,.')88

miles miles

57 at £1,904 70 at £1,750

TOTAL MILES AT MEDIUM COST.

miles

1,429 at £G,903
miles

519 at £3,991

Standard Gauge.

1,948 miles at £G,127 per mile.

Worked at speed of 33 miles

per hour.

miles Iniilea

119at£4,460,121at£2,515
niiios

57 at £1,904
miles

7G at £1,731

Narrow Gauge.

373 miles at £2,884 per mile.

Worked at speed of 15 miles per hour.

COST COMPARED WITH SPEED PER CENT.

Cost, 100 per ct. 58 per cent. 64 per cent. 36 per cent.] 27 per cent.

Speed, 100 „ G2 „
|

GO „ 40 „
|
27

25 per cent.

22

Note.—Cost, 100 per cent. = £6,903 per mile.

Speed, 100 per cent. = 37 miles per hour.
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IV,

—

Additional Memoranda as to tlie Denver and Eio Grande

railway, by Mr. George Allan, M. Inst. C.E.

The following particulars of the Denver and Eio Grande Eoad can be relied

upon as correct :

—

Its track bed is from 10 ft. to 12 ft. wide, and is laid with sleepers of Rocky
Mountain pine 6 in. by 5 in., 6 ft. long, and 2 ft. apart centre to centre.

The rails are of the Vigaoles section, 30 lbs. to the yard, fish jointed, and in

24 ft. lengths.

The road is as well ballasted as any first-class American road, as, for instance,

the Pennsylvania Central.

Tlie passenger engines have 40 inch drivers, 4 wheels coupled, and a pair of

small leading wheels ; cylinders 9 in. by 16 in., weight on drivers 20,000 lbs.,

and total weight 25,000 lbs.

The freight engines have 36 inch drivers, 6 wheels coupled, and a pair of small

leading wheels ; cylinders 11 in. by 16 in., weiglit on drivers 30,000 lbs. ; total

weight 35,000 lbs.

Both classes are of the Pennsylvania Central Company's pattern, and each has

a 4 wheel tender, weighing without coal and water 6,000 lbs.

All the carriages, or cars as they are called, are built on tlie bogie system.

The day cars are fitted up with two seats on one side and one seat on the other

side of a central passage, and some are arranged somewhat after the fashion of

Pullman's celebrated diaiiig-room cars, with seats for one passenger on each

side of the passage, or for two passengers at each table. The dimensions of the

passenger cars are as follows :

—

Length of platform 40 ft.

Ditto of body 35 „

Width of body outside 7 „

Ditto inside 6J „
Height inside to centre of dome 7J „
Ditto above rail to floor beams 25,,
Ditto above rail to top of dome 10J „

Ditto of centre of gravity above rail 3 ft. 2 in.

Angle of stability SOp

Each car seats 36 passengers and has two water-closets. The bogie-s have
each 4 wheels of 24 in. diameter. The total weight of a car is 15,000 lbs.

The freight stock consists of :

—

Weight. Capacity.

4 wheel platform trucks 4,000 lbs. 10,000 lbs.

4 wheel high-sided trucks 3,500 „ 10,500 „
4 wlieel covered trucks 4,500 „ 9,500 „
Bogie platform trucks 6,250 „ 20,000 „

The bogie covered wagons are of the following dimensions, &c. :

—

Length over the frame 23 ft. 7 in.

Ditto of body 22 1

Width of body outside 6 2
Ditto of body inside 6

Height of floor above rail 2 4
Height inside 6

Diameter of bogie wheels 20 in.
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Angle of stability when empty 56°

Ditto when loaded with wheat .... 51°

Floor area 132 square ft.

Space in bos 792 cubic ft.

Weight 8,800 lbs.

Capacity 17,600 lbs.

The cattle cars are mounted on 4 wheel bogie trucks, with bodies 2-1 ft. long,

by 6 ft. wide inside, their weight is 8,000 lbs. They carry each 9 head of cattle,

whilst the cars on the 4 ft. 8i in. gauge are 28 ft. long, weigh 18,000 lbs. to

20,000 lbs., and carry 14 head of cattle; the saving being 397 lbs. of dead weight
per head in favoiu' of the narrow gauge.

V.

—

Additional Memoranda as to the Goods Traffic conveyed over

tlie Bombay, Baroda, and Central India railway, during the

years 1870 and 1871, &c., by Lieut.-Colonel J. Pitt Kennedy,
M. Inst. C.E.

The following Table >;ives a classification of the goods traffic conveyed over the
Bombay, Baroda and Central India railway, 312 miles in extent, durinn- the
years 1870 and 1871. Columns 1 and 2 show 43 varieties of goods conveyed.
Columns 3 and 4 show the ai^proximate specific gravity, per cubic foot, compared
with the bulk per ton of each kind. These columns are offered as the only
test by which the fitness of diflereut railway gauges, or the proper distance

between the rails of the wagon track for the conveyance of traffic, can possibly bo
established, in accordance with the relation existing between the bulk and weight
of the prevalent classes of product to be conveyed. They show tliat the fitting

gauge for the conveyance of light products must be wide, while that for con-

veying heavy minerals may be narrow, whilst the wide gauge suits both light

and heavy goods or materials. They prove that the 5 ft. 6 in. gauge, established

for India in 1851, was the most suitable that could have bt en selected ; and that

the 3 ft. 3 in. gauge, now sought to be established, would not merely introduce the

inconvenience of a break of gauge, as in England, but, in addition, would infiict

a serious wound on the commerce of India, by providing a wholly unsuitable

means of transport for the products to be conveyed.

Cubic feet.

The first seven kinds of products (1 to 7) comprise goods of the

lightest specific gravities, ranging from 224 to 90 cubic ft. per

ton, and make an aggregate of ...... 8,2.32,802

The next fifteen kinds ^8 to 22), ranging from 80 to 50 cubic ft.

per ton, make an aggregate of . ...... 7,202,827
The next fourteen kinds (23 to 36), ranging from 45 to 25 cubic ft.

per ton, make an aggregate of

.

... . . 1,994,291

The last seven kinds (37 to 43), ranging from 20 to 5 cubic ft. per

ton, make an aggregate of ...... . 270 , 735

All the above forty-three kinds, composing the entire year's
j

traffic, varying in their specific gravities from 10 lbs. to 443 lbs. > 17,700,655

per cubic foot of bulk, make a total of . . . . . )

The goods so classified are in every respect adapted for transport in the existing

[1872-73. NS.J 2 M
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wao-ons of the 5 ft. 6 in. gauge, whilst only tlie last seven heavy kinds, 37 to 43,

or less thtin one sixty-fifth part in bulk of the products, would be suitable for a

3 ft. 3 in. gauge.

The table also shows that nine-tenths of the ordinary traffic of ix)pu-

lous districts consist of commodities applicable to the food and clothing,

&c., of man, requiring bulky .space in the vehicles of transport, and this

applies equally to populous districts where minerals are produced. The minerals

can be conveniently carried on a medium wide gauge. The bulky goods

cannot be economically conveyed on a narrow gauge, which must neces-

sarily in that case consist of double lines; nor can passengers, oxen, horses,

infantry, cavalry, field artillery, or siege artillery. These must all be fur-

nished with a wide thi-ough gauge line, whether short special branches of

narrow "au^'e be used for minerals or not, as in Wales, in order to reach the

nearest station on the general traffic line of the country. It is a most costly

eiror to lay down a narrow-gauge line merely to initiate the improvement of a

waste district. The right course in that case is to construct, when necessary, a

good smooth carriage road from the most convenient station of the nearest

railway, and Jaid out upon the best levels that the country will admit, to secure

the power of ultimately laying down rails to the proper national gauge, but

niacin o- upon the road, in the interim, Thomson's traction engine and trucks

without rails. Such a road, furnished with its train complete, need not cost

more than £500 to £1,000 per mile, exclusive of large bridges; and when the

district is developed up to the requirement of a regular railway, the rails can be

laid down, and the road traction engine, with its train, can be moved forward to

some other district requiring its temporary services without any loss or waste

whatsoever. Twelve miles of improvable waste district can thus be put under

a process of rapid improvement for what each single mile would cost upon the

narrow gauge system.

The plea of economy urged by those who advocate the narrow-gauge lines for

general traffic is a misleading delusion. Their complication where there

is the amount of traffic requiring a railway would make them more costly, even

as sin"-le lines, than those constructed on the proper gauge. The table refers

to a line on the 5 ft. 6 in. gauge, 312 miles in length, with a ruling gradient of

one in five hundred. The last extension of this line, 80 miles in length, has

iust been completed under the chief Resident Engineer, Mr. Francis Matliew,

M. Inst. C.E., within an expenditm-e of £5,500 per mile. Had Mr. Mathew's

rate of cost been the rule, instead of the exception, in constructing Indian rail-

ways their profits from the commencement would—calculated at the existing

rates of freio'hts and fares—have reached from 8 per cent, to 10 per cent, on the

outlay, and in that case nothing would have been heard of tlie absurd proposal

of a reduction of gauge. Hence the remedy, now called for, is an extension of

Mr. Mathew's principle of economically constructing raUwaj^s upon the standard

East Indian gauge of 5 ft. 6 in. A reduction of that gauge, as now proiiosed

must be much more costly, and would be utterly incapable of providing lor the

requirements of traffic when it reaches the inevitable development due to a

sufficiently extended railway intercourse. This future increase may be estimated

at least as amounting to thirty-fold the present agricultural production, with a

consequent proportional increase of railway traffic.

Ou this line we have not had occasion to run more than three through

trains daily each way; when the traffic requires four through trains each

way it will be time to lay a second track ; four through trains daily each

way would necessitate sixteen crossings between the up and down trains.

But sixteen crossings on a narrow gauge of 3 ft. 3 in. could only get through



STATE RAILWAYS OF INDIA. 531

one-fifth of our traffic. Hooce, bad we been condemned to the narrow gauge

we niust have laid down a double line before we ever opened for traffic. In

fact, the great characteristic of single liao working is, that the number of

crossings between up and down trains increases as the square of the number of

tlirough trains daily each way : on, say a twelve-hours' journey, our present three

trains would give nine such crossings— quite complication enough. Their

equivalent on the narrow-gauge single line would require the square of fifteen, or

225 crossings in a day—an utter impossibility !

Every competent engineer who lays down a line of railway must feel responsible

for securing that what he provides shall suffice, not for the mere wants of the

present day, but for keeping pace with the largest development of traffic that

shall ever take place, without undoing anything that has been done.

In this view the principal subjects for consideration in any estimate as to the

future maximum amount of traffic for which he or his successors must provide

transport, may be summarized as follows:

—

First.—That only about one-fourth of the surface of India is yet cultivated, owing

to the deficiency of roads for the conveyance of produce to market.

Second.—That ignorance of sound principles in agriculture now limits the

acreable produce of the cultivated land to less than one-fourth of what it must

hereafter be when the present wise intentions of Government regarding

agricultural instruction shall have had time to operate.

Third.—That the intended increase of irrigation from reservoirs, dams, and
canals, &c., must still fm-ther enormously increase the surplus agricultural

produce, for which transport must be hereafter provided.

Fourth.—That mineral produce is likewise only awaiting something like human
energy for its further development.

Fifth.—That the trunk lines of India are enormously in excess of length as

compared with those of England ; a fact which must proportionally increase

the comparative goods-truck accommodation that will in future be required

upon Indian trunk lines.

Sixth.—That the London and North Western Kailway Company, on a much
wider gauge than that here objected to, have already been obliged to quadruple

their 4 ft. 8§ in. tracks over one-third of their main line between London and

Lancashire.

These memoranda may be appropriately closed with the following extract

from the Victorian Correspondent's letter, dated Melbourne, 14th August,

which appeared in the ' Times ' of Tuesday, October 1st, 1872 :
—

" A remark-

able change in the views of our Lower House has served to illustrate the use

of the Upper, to which our self-styled Liberals object as a miscliievous obstruc-

tion. In considering the extension of our railway system in November, 1871,

the Assembly, yielding to a popular cry for cheap construction and to Ihe

recommendations of the press, determined, in opposition to the decidedly

expressed opinion of Mr. Higinbotham, the engineer-in-ehief, to make the new
lines on a 3 ft. 6 in. gauge, instead of continuing the former of 5 ft. 3 in. The
Council, after hearing the evidence of the engineer and others, refused to pass

the Construction Bill without a clause requiring the assent of both Houses to any

change from the old gauge. The Assembly disagreed with the amendment, and
the matter remained in abeyance until this Session, In the interval, our Agent-

General had collected the opinions of eminent engineers from dift'erent parts of

the world, which supported Mr. Higiubotham's view. The matter has been

again discussed, and the Assembly reversed its former judgment by a majority

of 42 to 10 against the break of gauge. The new lines are now being constructed

on the 5 ft. 3 in. gauge."

2 :\i L'
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VI. Eei^ort of Mr. J. E. Tanner, M. Inet. C.E., on a Light Rail-

way to connect the lakqer towns of the Punjab with Lahore.

My Dear Saunders, December G, 1861.

I HERE"ffiTH send you the estimate you asked me to make out. I have

made it out for 50 (fifty) miles, as the rolling stock, &c., will be about tlie same

for every 50 miles.

The expense of the construction of the proposed railway is not much when we

consider that money is about to be expended on the conservancy of the Indus and

Jailaw, and that money spent on such conservancy will be an annual expense to

the Government of the Punjab, for do what one may to procure a good channel,

fit for the present or any kind of steam-boat (compatible with really quick traflSc),

the unstable soil of the bank with such a stream renders the said channel liable

to be shifted in the course of a single night. All money expended on conser-

vancy may be styled a venture ; while such is not the case with money expended

in converting one-half of the present roads into a light railway suitable for low

speeds.

The annual expenditure of keeping up the Dak horses and carts, bullock

trains, &c., and the large staff of servants necessary for the present Dak, would

go towards the construction of the proposed light railway. The use of one -half of

the roads has often been agreed in favour for a railway ; and with the proposed

speed an objection can hardly be raised, as 12 miles an hour is about the rate that

the Dak cart itself travels.

Yours sincerely,

(Signed) John Edward Tanner.

K. Saunders, Esq., Postmaster-General, Punjab.

India is only ready for railways in the neighbourhood of such cities as Calcutta,

Madras, Bombay, Kurrachee, Lahore, Umritsir, and Mooltan, where undoubtedly

they will soon repay the money expended on them, to connect Kotree with

Mooltan, Lahore with Peshawur, Lahore with Ferozepoor, Kawul-Pindee with

Murree, Umballah witli Kalka, and Meerut with Delhi'; between which towns the

traffic is very great, but not sufficient to induce the Government to grant the 5 per

cent, guarantee on the enormous outlay necessary for a railway, for it could not pay

as a matter of speculation for years to come. It behoves us, tlierefore, to procure

a means of carrying goods ami passengers with a certainty and speed much greater

than can be attained by horses and camels. Surely this could be j^erformed by

a lio-ht railway, and the traffic carried by light engines on the longer lines, and by

horses on the shorter branches. Speed with the light engines not to exceed

8 miles for goods and 12 miles for passengers. In this way the traffic would

increase in the same proportion as if a railway (proper) had been constructed.

When the traffic requires greater speed, then a railway can be constructed with

a certainty of paying ; and the light rails that had been used could then be laid

down between other towns that would be ready for such a branch line.

Jiails.—The rails I would propose would be of the weight of 28 lbs. a yard run,

whicli would suit a traffic of 8 miles for goods and 12 miles for passengers. Be-

tween Kotree and Mooltan I would propose a rather heavier rail—32 lbs. a yard

—

for that is the only link wanting of W. P. Andrew, Esq.'s scheme, and must, as he

always foretold, make Kurrachee the best port for all passengers from India to

England, and will bring even Calcutta a week nearer to England.

Sleepers.—The difficulty in procuring wood for sleepers iu the Punjab makes it
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almost a necessiity that Grcave'a cast-iron pots sliouM be used. They are not

difficult in packing while la}'ing the line; and in moving the line at any time to

another part of the country we should nut be put to the expense of renewing

worn-out sleepers, while the extra expense in the first instance is very slight.

Earthwork.—If one-half of the road is allowed to be used for the railway, the

bridges and earthwork will be very slight.

Fencing.—Fencing to be made of balrol or other hard wood, except when water

is easily procurable, and then a low mud wall.

Tank and Stationi.—As there is a well close to the road at all the serrails, a

small tank made of wood capable of contidiiing water for 3 (three) engines, and a

shed for receiving goods, is all that will be necessary ; and the serrails and Dak
bungalows will an.'^'wer amply for station accommodation for the present. Wlien

the traffic requires more, sucii a station as is suited to the requirements can easily

bo built.

Enr/ines and Rolling Stock.—The engines would cost in England about £800 to

£1,000. The trucks must differ according to the kinds of traffic expected.

Laying the Line.—The rails from their lightness will be easy to handle, which

will overcome the great difficulty we have in India of laying heavy rails. The
rails might be laid at the rate of six miles a month, with two English platelayers

for superintending the gangs. As camels could carry the rails easily, there would

be no great difficulty in getting the rails from the river bank, or carrying our

own material.

Expense for the constmction of 50 miles of proposed light

railway £100,000

Per mUe (exclusive of rolling stock) 2 , 000

Crossing the Fivers.—The best way for crossing the rivers wouM be by a steam

ferry. A pier would have to be run out on each side of the river ; and a^ there

will be no heavy superstructure, and the trains themselves will be light, they

need not be expensive, but only sufficiently strong to prevent their being washed

away by the floods.

(Signed) John Edward Tannku, M. Inst. C.E.
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February 11, 1873.

T. HAWKSLEY, President,

in the Chair,

At the commencement of the proceedings :

—

Mr. Hawksley, President, stated that the following commu-

nication had been received in acknowledgment of the vote of

sympathy and condolence with the Empress Eugenie passed by the

Institution on the occasion of her recent bereavement^ :

—

" Camden Place, Chislehurst,

le 10 fe'vrier 1873.

" Monsieur le President,

" Vous avez, au nom des Membres de I'lnstitut dcs Tngenieurs

Civils de Londies, dont I'Empereur faisait partie comme Membre
honoraire, fait parvenir a Sa Majeste I'lmperatrice une adresse de

sympathie et de condoleance.

" Sa Majeste en a ete vivement touchee et m'a charge de vous en

exprimer ses remerciments en son nom, comme en celui de S.A.S. le

Prince Imperial et de tons les autres membres de la famille

Imperiale.

" Veuillez agreer, Monsieur le President,

" I'assurance de ma Consideration tres-distinguee,

(Signed) " Due de Bassano.

" Monsieur le Prc'sident de I'lnstitut des Inge'nieurs Civils, Londres."

The discussion upon the Paper, No. 1,365, " The Eelative Adyan-

tages of the 5 Et. 6 In. Gauge and of the Metre Gauge for the State

Railways of India, and particularly for those of the Punjab," by

Mr. W. T. Thornton, was resumed and continued throughout the

evening.

February 18 and 25, 1873.

T. HAWKSLEY, President,

in the Chair.

The discussion upon the Paper, No. 1,365, "The Eelative Ad-

vantages of the 5 Ft. 6 In. Gauge and of the Metre Gauge for the

State Eailways of India, and particularly for those of the Punjab,"

by Mr. W. T. Thornton, occupied both evenings to the exclusion of

any other subject.

Vide ante, p. 138.
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March 4, 1873.

T. HAWKSLEY, Tresident,

in tlie Chair.

The following Candidates were balloted for and duly elected :

—

John Bennett, George James Hervey Glinn, and Robert Harris,

as Members ; John Barker, Thomas Holmes Blakesley, Stud. Inst.

C.E., Philip Carpenter, Samuel Brothers Darwin, Edward Giles,

Lieut. Frederick William Joseph, B.S.C, William Henry King,

Stud. Inst. C.E., Charles Edward Nicholas, Francis James Odling,

Stud. Inst. C.E., Arthur Ricketts, Richard Edward Speakman,

Thomas Sullock Stooke, George Thompson, Lieut.-Col. John Salus-

bury Trevor, R.E., John Whittingham, and George Henry Wood,

as Associates.

It was announced that the Council, acting under the provisions

of Sect. III., CI. VIL, of the Bye-Laws, had transferred William
Francis from the class of Associate to that of Member.

Also, that the following Candidates, having been duly recom-

mended, had been admitted by the Council, under the provisions

of Sect. IV. of the Bye-Laws, as Students of the Institution :

—

Thomas George Bond, Frank Ferguson Buckham, Augustus Marius

Heaton, Montague Martindale, and Edward Thompson.

The discussion upon the Paper, No. 1,365, " The Relative Advan-

tages of the 5 Ft. 6 In. Gauge and of the Metre Gauge for the State

Railways of India, and particularly for those of the Punjab," by

Mr. W. T. Thornton, was resumed and continued throughout the

March 11 and 18, 1873.

T. HAWKSLEY, President,

in the Chair.

The discussion upon the Paper, No. 1,36.5, "The Relative Ad-

vantages of the 5 Ft. 6 In. Gauge and of the Metre Gauge for the

State Railways of India, and particularly for those of the Punjab,"

by Mr. ^V. T. Thornton, occupied both evenings to the exclusion of

any other subject.

[Index.
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INDEX
TO THE

MINUTES OF PKOCEEDINGS,

1872-73.—Pakt I.

Aba-el-Wakf sugar factory. Vide Sugar factory.

Abbott, S., elected associate, 108.

Abel, Professor F. A., remarks as to explosive agents applied to industrial pur-

poses, 1.—Ditto as to certain defects of gunpowder, 1.—Ditto as to the protection

of gunpowder against fire, 2.— Ditto as to 'Horsley's powder,' 'tutonite,'

' pyrolitlie,' and ' pudrolyfhe,' 2.—Ditto as to a siliceous earth called ' Kiesel-

gliur,' used by Mr. Nobel in the manufacture of 'dynamite,' 3.—Ditto as to

'colonia powder,' ' dualine,' ' Horsley's powder,' ' gl3'oxiiine,' and ' litho-

fracteur,' 3.—Ditto as to the difBculty of instituting accurate comparisons of

the force evolved by different explosive agents, 3.—Ditto as to the relative

merits of dynamite and gun-cotton, 3.—Ditto as to the use of gun-cotton as a

blasting agent for industrial purposes, 4.—Ditto as to the statement that tlie

Nitro-glycerine Act had been mainly introduced by (tovernment at his instiga-

tion, 32.—Ditto as to large dynamite works established near Glasgow, 32.

—

Ditto as to a letter written by him to Sir John Hay, BT.P., in July, 18G9, in

reference to the manufacture and use of nitro-glycerine and its preparations,

32.—Ditto as to subsequent improvements in the manufacture of nitro-glycerine,

33.—Ditto as to the relative susceptibility to freezing and of explosion of dyna-

mite and litho-fracteur, 33.—Ditto as to an account published in ' The Times

'

of some experiments made in February, 1872, at Mr. France's quarries, near

Shrewsbury, with litho-fracteur, 33.—Ditto as to pudrolytiie, and its similarity

to Kellow's powder, 34.—Ditto as to the difference of weight and explosive force

of equal volumes of dynamite and of gun-cotton, 35.— Ditto as to accidents which
had occurred in thawing dynamite, ani charging holes with gun-cotton, 35.

—

Ditto as to the explosions at the Stowmarket gun-cotton works, and at dynamite

works in Germany and in America, 35.—Ditto as to the comparative liability to

accidents resulting from the manufocture and use of violent explosives and gun-
powder, 35.—Telford premium, in books, awarded to, 114.

Abemethy, G. N., admitted student, 213.

Accounts, auditors of, appointed, 110.—Abstract of receipts and expenditure from

the 1st of December, 1871, to the 30th of November, 1872, 124.—Eemarks as to

ditto in the Annual Report, 119.—Summary of the receipts and expenditure for

the last two years, 120.—Nominal value of the funds of the Institution on the

30th of November, 1872, 121.—Summary of the securities in which the funds

are placed, 122.—Outstanding subscriptions for the years 1870, 1871, and
1872, 122.

A'.ldy, J., elected associate, 108.—Miller prize awarded to, 115.
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Airy, Sir G.B., remarks as to the State railways of India, 280.—Ditto as to the Royal

Commissiou appointed, in 1845, to consider the question of the break of gauge,

280.—Ditto as to the introduction of a break of gauge in India, 281, 283.—Ditto as

to numerical estimates of the inconveniences of break of gauge, 282.—Ditto as

to a change of gauge and rolling-stock on the Eastern Counties railway, 282.

—

Ditto as to the impossibility of providing rolling-stock upon one railway, so as

to be always ready to meet that upon another gauge, 282.—Ditto as to the

extreme character of the difficulty of break of gauge in India, owing to that

country being held by the sword, 282.—Ditto as to the question of width of

gauge as applied to India, 283.—Ditto as to the difficulty of carrying field

artillery and horses on narrow-gauge lines, 283.— Ditto as to the curves on the

Todmorden Valley railway, 283.—Ditto as to the importance of rails not being

over-canted, and as to conical tires, 283.

Aitken, R., remarks as to irrigation in Northern India, 185.—Ditto as to the

measurement and sale of water, 185.—Ditto as to the weir at Eajghat, 185.

Aiton, J., elected associate, 108.

Allan, G., remarks as to the State railways of India, 375, 378, 380.—Ditto as to the

actual construction and working of narrow-gauge railways in the United

States, and particularly of the Denver and Eio Grande, 3 ft. gauge, railway,

375.—Ditto as to the conclusions arrived at by the American convention of

railway engineers, held at St. Louis in 1872, 376.—Ditto as to the capacity of

narrow-gauge wagons for the conveyance of live stock, &c., 377.—Ditto as to

the dividend paid by the Denver and Eio Grande railway, 378.—Ditto as to

the sufiSciency of the metre gauge for the amount of traffic carried on the

Indian railways, 378.—Ditto as to the questions of speed, of break of gauge,

and of the fitness of the metre-gauge railways for military purposes, 378, 379.

—Ditto as to the eflfect of a break of gauge at Lahore, 379.—Additional

memoranda as to the Denver and Eio Grande railway, 528.

Allen, J. E., elected asiociate, 108.

Alleyne, Sir J., Bart., remarks as to the Aba-el-Wakf sugar factory, 88.—Ditto as

to the setting of the rollers of a sugar mill, 88.—Ditto as to the relative

advantages of using the centrifugal jiump and the ' raontejus,' 89.—Ditto as to

the sulphurous acid process, 89.—Ditto as to defecation by carbonic acid

being adopted in many of the beet-root sugar factories in Holland, and as to the

use of lime in that process, 89.

AUiott, J. B., remarks as to the Aba-el-Wakf sugar factory, 81.—Ditto as to the

use of large rollers in crushing sugar cane, 81.—Ditto as to the percentage

of juice extracted, and as to the quality of the megass, 82.—Ditto as to the

evaporation of juice under pressure, and as to the prejudicial effect of the

solution of sugar being submitted to a temperature greater than 140°, 82, 83.

—

Ditto as to the concentrating trays in use at the Aba factory, and the ordinary

Jamaica train or * Triple-Effet ' apparatus, 82. —Ditto as to the defecation of

sugar by sulphurous acid gas, 83.

Allport, J., remarks as to the State railways of India, 310.—Ditto as to the evils of

break of gauge, 312, 314.—Ditto as to the expense and loss arising from the

transhipment of salt from the narrow gauge to the broad gauge at Bristol, 312.

—Ditto as to the extra weight of the broad-gauge trucks causing loss as

dead weight in the transhipment of general goods traffic, 313.—Ditto as to the

difficulties attendant upon the transhipment of the men, horses, and guns of

an army, 313.— Ditto as to the difliculties of the break of gauge on the Grand

Trunk railway of Canada, 314.—Ditto as to its being possible that the adoption
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of the narrow gauge for the State railways of India might entail the loss of

that country to the governing classes, 314.—Ditto as to its being imperative

that the entire railway system of India should be constructed upon one uniform
gauge, 314.

Anderson, W., on the Aba-el-Wakf sugar factory. Upper Egypt, 37.—Remarks
as to clarification by the ordinary lime process, and by the sulphurous acid gas

method, 71.—Ditto as to the degree of strength necessary in cane-milln, 72.

—

Ditto as to the evaporating tray and system of clarification patented by
Mr. Knaggs in 186.5-66, 85, 107.—Ditto as to the percentage of juice expressed,

106.—Ditto as to the use of plain spherical clarifiers, lOG.— Ditto as to the use
of low-pressure steam, 106.— Ditto as to the effect of time and temperature in

converting the juice into sirup, 106.

Andrew, W. P., remarks as to the State railways of India, 229, 371, 372.—Ditto as

to cheap railways, and a break of gauge being two distinct questions, 229.—Ditto

as to the Indus Valley line of railway having been so long delayed, 229.

—

Ditto as to the introduction of a break of gauge into the Indian territory, 229.

—

Ditto as to the evils, confusion, and loss, incident to a break of gauge on the

Great Western railway, 230.—Ditto as to the difficulty and confusion involved

in the movement of troops, especially in India, 230.—Ditto as to the Umbeyla
campaign, 230.—Ditto as to the political importance of the question of the

Indus Valley system of railways with branches to the Khyber and Bulan passes,

231.—Ditto as to the benefits which the tax-payer of India derived from the

payment necessary to make up the guaranteed interest on railways, 232.—Ditto

as to the extent of increase of the commerce of India after the introduction of

railways, with tables of the trade, revenue, and debt, in illustration, 232, 233.

—

Ditto as to the traffic on the Punjab railway, and as to the population and area of

the Punjab, 233, 234.—Ditto as to the charge for the transhipment of goods

from one gauge to another, 234.—Ditto as to the question of railways in India

not yielding a direct profit, and as to the counterbalancing political and

military advantages, 234.—Ditto as to the provision of £1,600,000 for the

deficit occurring from the railways now in operation, 371.—Ditto as to the

railways in India not paying large dividends being the fault of the Govern-

ment, in not having paid sufficient attention to the construction of common
roads, 371.—Ditto as to the sites of railway bridges in the Punjab, 371.— Ditto

as to the Scinde railway now being meant to compete with the river Indus,

372.—Ditto as to the break of gauge in the Indus Valley being a matter of

Imperial importance, 372.

Andrews, C, Manby premium, in books, awarded to, 114.

Annual General Meeting, 110.

Annual Report, 112.—Ditto read, and ordered to be printed, 110. Vide alao

Report.
' Apcenite,' as a material for cylindrical foundations, 197, 209.

Appleby, C. J., remarks as to explosive agents, 23.— Ditto as to the use of nitro-

glycerine, 23.—Ditto as to the removal of an old jetty at Harling by dynamite

and litho-fracteur, and as to the better result obtained by the use of litho-fracteur,

23.

Archibald, W. F. A., elected associate, 138.

Astronomer Royal, the. Vide Airy, Sir G. B.

Atcliison, A. T., Miller prize awarded to, 11.5.

Bagnall, J., decease of, 118.
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Baldwin, J., elected associate, 213.

Banfield, E., decease of, 118.

Barker, J., elected associate, 537.

Barlow, C. P., elected associate, 108.

, W. H., rnuarks as to irrigation iu Nortlieni India, 167.

Barron, W. A., elected associate, 108.

Barry, J. W., vote of thanks to, 110.—Appointed one of the auditors of accounts,

no.
Bateman, J. F., Vice-President, remarks ns to irrigation in Northern India,

165.—Ditto as to the weir at Okhla, 165.—Ditto as to the weir proposed to

be erected at Rajgliat, 165.—Ditto as to cylindrical foundations, 201.—Ditto as

to the adoption of brick cylinders for the foundations of the Plantation Quay, by

the side of the river Clyde, 201, 202.—Ditto as to the character of the ground,

201, 202.—Ditto as to the mode of joining the cylinders, 202.—Ditto as to the

depth to which the cylinders were sunk, 203.—Ditto as to the cost of iron rings

employed as weights, 203.—Ditto as to the time and expense of executing the

work, 203, 204.—Ditto as to a blow of sand experienced in the construction of

the work, 204.—Ditto as to the mode adoj^ted to guard against the recurrence

of ditto, 20i.—Ditto as to the cost of building sea W'alls iu concrete, 204.

—

Ditto as to ditto with a gianite ashlar facing, 205.—Ditto as to combining

foundation cylinders iu groups, and as to the relative advantages of diflerent

combinations, 205, 206.

Baxendale, J., decease of, 118.

Bazalgette, J. V. N., decease of, 119.

Bcanes, E., remarks as to the Aba-el-Wakf sugar factory, 78.—Ditto as to cane-

mill rollers, 78.—Ditto as to the percentage of juice obtained, 78.—Ditto as to

the ' montejus,' and arrangements for washing out pipes and pump, 78.—Ditto

as to clarification by means of sulphurous acid, and as to the bleaching power

of ditto, 78, 79.—Ditto as to the decolorising power of animal charcoal, 79.

—

Ditto as to the quantity of sulphurous acid gas taken up by the juice, 79.

—

Ditto as to the amount of gluten in cane juice, and as to its solubility, 80. —
Ditto as to the use of precipitators, 80.—Ditto as to the relative advantages of

using sulphurous acid, and animal charcoal, where white sugar was required, 80.

—Ditto as to the apparatus for boiling juice uuiler pressure, 81.—Ditto as to the

vacuum pan, 81.—Ditto as to the use of megasa alone as a fuel, 81.—Ditto as to

the use of carbonic acid for defecating sugar cane juice, 89.

Beardmore, N., decease of, 118.

Beaumont, F. E. B., Major, R.E., M.P., remarks as to explosive agents, 11.—Ditto

as to the great advantages deiived Irom their use in connection with

machine drilling, 12.—Ditto as to the results of his experiments with reference

to gun-cotton, dynamite, and litho-fracteur, 12.—Ditto as to the importance that

there should be no air space between the blasting agent and the rock, so that

the charge should completely till the hole, 13.—Ditto as to the use of gun-

cotton, 13.—Ditto as to the relative merits of ditto and of dynamite, 13.—Ditto

as to certain experiments made by Mr. France with litho-fracteur, 13.—Ditto as

to exudation being the real source of danger in that class of material, 14.—Ditto

as to the use of dynamite in the construction of a tunnel for the Great Western
and Midland Railway Companies, and as to the difficulty experienced from the

fact that it froze at a temperature higher than the freezing jwiut of water, 14.

—

Ditto as to the method adopted for overcoming that difficulty, and as to an
explosion wliich took place, 14. — Ditto as to dynamite being less dangerous than
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gunpowder to transport and to store, 15.—Ditto as to the question submitted to

the ]ato War Office Committee, 15.

Beeman, J. S., admitted student, 213.

Bell, I., rem;irks as to cylindrical foundations, 209.—Ditto as to the desirability of

constructing cylinders of different diameters according to the depth required to

be dredged in front of them, 210.—Ditto as to the use of concrete, and as to its

employment in the new harbour at St. Helier, Jersey, 210.

, I. L., his communication on ''The Economy of Fuel in the Iron Blast

Furnace," noticed in the Annual Report, 114.

, W., Telford medal, and Telford premimu, in books, awarded to, 11-1,

Bennett, J., elected member, 537.

Berkley, G., remarks as to tlie State railways of India, 385.—Ditto as to the

introduction of the narrow gauge, and of breaks of gauge, 385.—Ditto as

to the fallacy of comparing tlie cost of existing railways with estimates for

narrow-gauge railways of inferior capacity, 380,—Ditto as to the necessity

for considering the increase of wealth and of commercial activity caused

by the introduction of railways into a country, 387, 389.—Ditto as to the

assumption that heavy rails would be adopted if the State railways of India were

made on the 5 ft. 6 in. gauge, 387.—Ditto as to ttie use of heavy engines on light

rails at a slow speed, 387.—Ditto as to the length of State railways under con-

struction, or now intended to be made, 388.—Ditto as to tlie want of bad weather

roads in India, 388.—Ditto as to the construction of railways being justified by

advantages not represented by dividend, 388.—Ditto as to tlie effect of the intro-

duction of railways into India, and as to the increase in the imports and exports

since the year 18-19, 389, 390.—Ditto as to the saving effected by the railways

in the carriage of cotton, 389.— Ditto as to the dividend now earned not repre-

senting the required capacity of the existing railways, 389.—Ditto as to tho

necessity for making railways capable of carrying at least the maximum existing

traffic, 390.—Ditto as to the traffic on a part of the Great Indian Peninsula

railway, 390.—Ditto as to the traffic on English railways between tho years

1849 and 1867, 390.—Ditto as to a misapprehension which he thought had

arisen with regard to Mr. Fowler's report, 390.—Ditto as to Mr. Bruce's esti-

mates of the cost of lines made in India on the 5 ft. 6 in. gauge and on tho

metre gauge, 391.—Ditto as to the average excess of cost of the railways on the

5 ft. 6 in. gauge, 392.—Ditto as to the saving to be effected by making railwaj'S

on the metre gauge not being equivalent to the serious disadvantages of breaks

of gauge, 392.—Ditto as to the Indore line, and as to the evils of breaks of

gauge to be established on that line by the construction of the proposed State

railways passing Indore, 392.—Ditto as to the questions of cost of maintenance

and of working, 392.—Ditto as to the evils of a break of gauge in India, 393.

—

Ditto as to the alteration of the gauge on the Great Western railway, 393.—

>

Ditto as to the desirability of proceeding with works which would increase the

productiveness of India, and utilize the existing railways, 394.

Berrell, W., elected associate, 213.

Betts, E. L., decease of, 119.

Beynon, G. W., admitted student, 213.

Bidder, E., decease of, 119.

, G. P., Past-President, remarks as to the State railways of India, 246.—Ditto

as to a report made by him to the directors of the Scinde, Punjab, and Delhi

railways, as to the probable consequences of the introduction of the 3 ft. 6 in. gauge

into India, 246.—Ditto as to a Commission being appointed to proceed to Norway
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to inspect a railway in that country, 246.—Ditto as to a railway in Norway on a

3 ft. 6 in. gauge between Christiania and the Port of Drammen, 247.—Ditto as to

the Norwegian ' Storthing,' or Parliament, having enacted, that for the future, the

(State railways should only be constructed on the standard gauge of 4 ft. 8| in., 247.

—Ditto as to the large dividend on the Festiniog railway arising entirely from

the exceptional character of the traffic, 247.—Ditto as to the alleged economy in

the introduction of the metre gauge for the Indus Valley railway, 247, 248.

—

Ditto as to the cost of transport in India, and as to the charge made by the East

Indian railway for hauling up engines and wagons, from Calcutta to Delhi, 248.

—Ditto as to the rolling-stock required for a railway broken up into sections,

248.—Ditto as to the traffic of the Indus Valley, 248.—Ditto as to the saving

effected in rolling-stock from the adoption of a continuous line of railway, 249. —
Ditto as to an estimate of the several items and total extra cost involved in adopt-

ing the metre gauge for the State railways of India, 249.—Ditto as to the incon-

veniences resulting from ditto, ditto, 249.—Ditto as to the commercial loss per

ton resulting from a break of gauge, and as to the change of gauge on the Great

Western railway, 249, 250.—Ditto as to the advantages derived by the people of

India from the construction of railways, 250. —Ditto as to the original financial

arrangement for executing the Indian Stnte railways, and as to the desirability

of its being altered, 250.—Ditto as to a contract for the construction of the Delhi

railway, 251.—Ditto as to the mode in which technical investigations were con-

ducted on behalf of the Indian Government, 251, 252.—Ditto as to a report upon

the economy which could be effected in the Indus flotilla, 252.—Ditto as to the

difficulties arising from want of practical knowledge on the part of the military

officers employed by the Indian Government upon public works, 252.—Ditto as

to the reason for the adojition of the metre gauge for the State railways of India,

252.—Ditto as to the width of the rolling-stock proposed for ditto, and as to the

consequent width of the formation of the excavations, over-bridges, and under-

bridges, 253.—Ditto as to an extract from a report of Mr. Juland Donvers, made
in 1872, 253.—Ditto as to the desirability that the development of the Indian

railways should not be arrested by the introduction of a break of gauge, 253.

—

Ditto as to an extract from a minute of the late Earl of Dalhousie, Governor-

General of India, respecting the gauge of Indian railways, dated 4th July,

1850, 254.

Bidder, S. P., remarks as to explosive agents, 25.—Ditto as to the use of gun-

cotton for blasting mines and quarries, 25.—Ditto as to accidents with ditto

being traced to tlie carelessness of workmen, 26.—Ditto as to a series of experi-

ments with ditto in some coal mines in North Stafibrdshire, 26.— Ditto as to the

relative efficiency of ditto and gunpowder, 20.—Ditto as to the use of gunpowder

in the quarries in Wales, and as to tlie difficulty of obtaining gun-cotton, 20.

—

Ditto as to the strength and uncertainty of action of nitro-glycerine, and as to

accidents with ditto in England, Wales, the Continent, and America, resulting

in destruction to life and property, 27.—Ditto as to the high temperature at

which ditto froze being an obstacle to its adoption, and as to dynamite laboring

under the same disadvantage, 27.—Ditto as to the relative safety and efficiency

of dynamite and gun-cotton, 28.—Ditto as to the extensive use of gun-cotton by

the Welsh Slate Quarry Company, and as to the increase of cost of driving under-

ground work since the supply of gun-cotton had stopped, 28.

Blair, T., admitted student, 109.

Blakesley, T. H., elected associate, 537.

Bond, T. G., admitted student, 537.
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Bramwell,.F. J., remarks as to the Aba-el-Wukf sugar factory, 94.—Ditto as to

the question of heating, 94.—Ditto as to the combined vapour engine of Du
Trembley, and as to the amount of surface requiretl for tlie condensation of

•water steam and of ether steam, 95.—Ditto as to experiments upon the rate of

heating and evaporation obtainable under varying steam pressures, 95.—Ditto

as to the rate of transmission of heat, prior to and after ebullition, 95, 96.

Britten, B., Telford i^remium, in books, awarded to, 114.

Brogden, A., reference to a letter from, with respect to the beneficial eflfect of the

existence of an uniform gauge throughout the South "Wales district, 422.

Brown, J. S., admitted student, 138.

, O., Miller prize awarded to, 115,

Browning, A., elected member, 138.

Bruce, G. B., remarks as to ii-rigation in Northern India, 170,—Ditto as to the

Okhla weir, 170, 180.—Ditto as to the proposed weir at Eajghat, and as to the
* toe ' of the slope of that weir, 170.—Ditto as to the rate of interest returned to the

Government by irrigation works in India, 170.—Ditto as to the foundations of

weirs in the Madras Presidency, ISO. —Ditto as to the State railways of India, 265.

—Ditto as to whether the saving to be efieeted by tlie introduction of a new
gauge into the Indian railway system would compensate for the evils of a break

of gauge, 266, 267.—Ditto as to working the traffic of broad-gauge railways

with light rails by light engines and rolling-stock, 266.—Ditto as to the money
value of a break of gauge, 267.—Ditto as to the alleged saving of constructing

the Indian State railways on the narrow gauge, whicli had been deduced from

the estimates of Mr, Hawkshaw and of Mr. Fowler, 2G7, 269, 271, 442.—Ditto as

to the estimates for 216 miles of metre-gauge railway constructing in the south

of India, 268.—Ditto as to the width of the vehicles being a truer test uf the

cost of a railway than the width of the gauge, 269.—Ditto as to the alleged

economy in working narrow-gauge lines, 270.—Ditto as to the Indian guaran-

teed railways not paying, 270.—Ditto as to running heavy engines over light

rails, 271.—Ditto as to the platforms on the Madras railway, 271.

Brunlees, J., remarks as to irrigation in Northern India, 168.—Ditto as to the

weir at Okhla, 168.—Ditto as to the State railways of India, 333.—Ditto as to the

gauge of railways being a question of circumstances, 333,—Ditto as to the

Brazilian railway system, 334.—Ditto as to the comparative area and population

of India and of Brazil, 334.—Ditto as to both broad-gauge railways and narrow-

gauge railways being required in India, 334.—Ditto as to the objections to the

use of the 5 ft. 6 in. gauge for the railways of India, 335.—Ditto as to avoiding

a break of gauge on the main trunk lines by a more economical construction of

lines on the 5 ft. 6 in. gauge, 335.—Ditto as to the construction of metre-gauge

lines of the character of steam tramroads as feeders to the railway system, 335,

—Ditto as to its being an error to construct the Indus Valley railway as a

narrow-gauge line, 336.—Ditto as to the inconvenience and delay occasioned by

the Mont Cenis summit line constructed upon a narrow gauge between the

French system of railways at St. Michel and the Italian system at Susa, 336,

337.—Ditto us to a break of gauge being an evil to be avoided at almost any

cost of construction, 337.

Buckham, F. F., admitted student, 537.

Building, decoration of the, noticed in the Annual Report, 112,

Burgli, N. P., elected associate, 138.

Burke, G. J., elected associate, 108.

Campion, J. M., elected associate, 108.

[1872-73. N.S.J 2 N
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Carpenter, P., elected associate, 537.

Castle, H. J., jun., elected associate, 213.

Chapman, C. W. R., resignation of, 119.

Christopher, H. C, elected associate, 138.

Cliurchward, G. D., admitted student, 109.

Clemmey, W. H., elected associate, 108.

Coates, G., elected associate, 213.

Cobley, W. H., admitted student, 213.

Conversazione, President's, 1872, noticed in the Annual Report, 123.

Cooper, A. O., admitted student, 109.

Council, list of members nominated as suitable to fill the several offices in the,

read, 110.—Ballot for, 110.— Annual Report of, read, and ordered to be printed,

IJO.—Vote of thanks to, 110.—List of Council and ofHcers for session 1872-73,

111, 137.

Cowper, E. A., remarks as to the Aba-el-Wakf sugar factory, 92.—Ditto as to the

advantages of using large rolls, 92.—Ditto as to the power required, 92.—Ditto

as to the relative amount of fuel consumed in evaporating the juice, 93.—Ditto

as to the pumps and the superiority of the centrifugal pump, 93.—Ditto as to

the system of blowing steam in, 93.— Ditto as to the neutralization of the acids

in the juice, 93.— Ditto as to the use of China clay or wliiting for weigliting

the flocculent matter in the juice, 93.—Ditto as to the evaporating trays, 94.

—

Ditto as to the temperature of the steam and of the vacuum pans, 94.—Ditto as

to the suggestion of Richard Trevithick that the stenm from the juice should

be concentrated to work the steam engine, 94.

Crouch, W., remarks as to cylindrical foundations, 206.—Ditto as to the arrange-

ment of foundation cylinders in combinations, 206.—Ditto as to the Milroy

excavator, 207.

Cubitt, J., decease of, noticed in the Annual Report, 119.

Curling, J. J., Lieut., R.E., remarks as to explosive agents, 28.—Ditto as to

some extensive mining operations carried out in removing a rock which inter-

fered with the navigation at Hell Gate, New York, 29.—Ditto as to the use of

gunpowder, gun-cotton, and nitro-glycerine in ditto ditto, and as to nitro-

glycerine being found the more economical material, 29.

Curry, M., jun., admitted student, 109.

, T. E., admitted student, 109.

Cylindrical foundations. Vide Foundations.

Danvers, J., remarks as to the State railways of India, 326.—Ditto as to the cost

of railways being in proportion to tlieir dimensions, 327.—Ditto as to the cost of

the Oudh and Rohilkund railway, severally estimated as a broad-gauge line,

and as a narrow-gauge line, 327.—Ditto as to several estimates of the relative

cost of narrow-gauge railways and of broad-gauge railways, 328.—Ditto as to

light narrow-gauge lines being sufficient to accommodate most districts in India,

328.—Ditto as to break of gauge, 328.

Darwin, S. B., elected associate, 537.

Davis, W. G., elected associate, 108.

Davy, H., remarks as to the Aba-el-Wakf sugar factory, 102.—Ditto as to the

solubility of sulphurous acid in water, or solution of juice, 102.— Ditto as to the

use of permanganate of potash in the manufacture of sugar, 102.—Ditto as to

the action of animal charcoal in purifying sugar, 102,—Ditto as to the use of

calcic hydrate in the manufacture of sugar from beet-root, 103.—Ditto as to the
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effects of acids and of bases upon sugar, 103.—Ditto as to other methods of puri-

fying sugai', 103.—Ditto as to the mechanical arrangements, and as to the

evaporation under pressure and at a high temperature, 103.

Deacon, G. F., elected associate, 108.

Dennis, W., remarks os to the State railwiiys of India, 402.—Ditto as to the saving

which would l;ave resulted from the construction of a line in the west of England

on the 4 ft. 8J in. gauge, instead of on the 7 ft. gauge, 402.—Ditto as to a

tabular statement giving the comparative cost of construction of the line on

both gauges, 403, 404 —Ditto as to the railway being one of only averag

difficulty, 403.

Dix, P. R., admitted student, 109.

Dixon, C. W., decease of, 119.

, J., remarks as to the Aba-el-Wakf sng.ir factnry, 101.— Ditto as to the

failure of sugar refining in tlie East Indies, and as to the probable fa'hu-e of

ditto in Egypt, 102.

Dobson, J. M., elected associate, 213.

Dunn, T., decease of, 119.

Edgeworth, D. E., decease of, 118.

Enys, J. S., decease of, 119.

Evans, F. H., elected associate, 108.

, W. W., remarks as to explosive agents, 29.—Ditto as to a communication

from Professor George M. Mowbray, 29.—Ditto as to v;u-ious mixtures sold in the

United States as 'dualine,' 30.—Ditto as to the loss of explosive force 7-esult-

ing from the mixtm-e of nitro-glycerine with extraneous substances, 30.—Ditto

as to the change of nature of the explosive resulting from such a^lmixtiu-e, 30.

—Ditto as to the successive stages or operations which took place in the firing of

gunpowder, 30.—Ditto as to the processes of ignition of gunpowder and of nitro-

glycerine, 30.—Ditto as to the etfect of temperature upon nitro-glycerine, 31.—

Ditto as to the production of ' tri-nitro-glycfrine,' 31.—Ditto as to the con-

ditions cf explosion of ditto, and as to its deRtructive eifects. 31.—Ditto as to

the use of ditto at Erie Harbor in the winter of 1869-70, 31.—Ditto as to

the superior advantages claimed for ditto, 32.

-, reference to his report against the use of the narrow gauge for tliC rail-

ways of the British Colony of Victoria, 333.

Explosive agents appliel to iiidiistrial purposes, discussion upon, 1-30.

Flatt, B. W., admitted student, 109.

Forrest, J., Secretary, vote of thanks to, 111.

, R. E., elected member, 108.

Foundations, cylindrical or columnar, in concrete, brickwork and stonework, 186.

—General use of iron cylinders for foundations, 186.—High price of iron sug-

gests the question whether concrete, brick, or stone may be substituted, 186.

—

Paper describes an attempt to render those materials more easily available for

cylindrical foundations, 186.—Antiqiiity of brick cylinders, and their intro-

duction into Great Britain, 186.—Additional quayage and dock accommodation

reqtured for the expanding commerce of Glasgow, 187.— System previously

pursued in constructing the quays on the banks of the river Clyde, 187.

—

Arrangement made, in conjimction with the late Mr. Tiiomas Brassey, to con-

struct, in brick cylinders, the Plantation Quay, 187.—The cylinders composing

ditto form a continuous wall, 187.- Description of the site of ditto, and prepa-

2n 2
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ratory operations, 187.—Footing for the superstructure, 187.—The ' shoe,' or

* curb,' 189.—System of building and sinking in India contrasted with tlie

system adopted, 189.—Brick cylinders at the Plantation Quay constructed in

rings, and general arrangements for carrying out that plan, 189, 190.—Con-

struction and removal of the rings, and special instrument for lifting them,

190, 191.—Preparation for sinking the cylinders, 191.—Milroy excavator used,

191.^—Special arrangements adopted, 192.—Nature of grormd, 192.^Sinking

etft'cted by means of the excavator through a bed of rotten sandstone, 192, 193.

— Whinstone and freestone boulders brought up by the spades of the excavator,

193.—Rate of sinking, 193, 194.— Load required for weighting cylinders, 193.

—Weights cast in iron circular rings, 194.—Manner in which the weighting

was effected, 194.—Advantages derived from the system adopted for making
and sinking the cylinders, 195.—Facilities afforded by the use of brick

cylinders in the construction of a portion of the Glasgow (City) Union railway,

195.—Concrete cylinder.^ 196.— ' Apcenite ' successfully used, in 1871, at the

Hermitage Wharf, as a material for cylinders, 197.—Variety of form and com-

binations suitable to different situations, 197, 199.—System of monolithic com-

binations suitable to the foundations of quay and river walls, docks, forts, piers,

abutments, &c., 198.—Advantages which non-metallic cylinders possess in com-

parison with iron, 199.

Fowler, A. G., elected associate, 213.

, J., elected member, 213.

Fox, C. D., remarks as to explosive agents, and as to a piece of wrought iron

which had been torn asunder in experiments at Merstham, 19.—Ditto as to the

State railways of India, 273, 279.—Ditto as to the cost of constructing, and of

working railways not being entirely dependent upon the gauge, 273.—Ditto as

to the necessity, in adopting a gauge, of considering the special circumstances

and requirements of the country, 273, 274.—Ditto as to the gauges adopted in

India, Canada, Ireland, Queensland, and Norway, 273, 274.—Ditto as to tlie

efiSciency of tlie 3 ft. 6 in. gauge, 274, 276.—Ditto as to break of gauge and inter-

change of rolling-stock, 275.—Ditto as to alterations ofgauge in England, Canada,

and the United States, 276.—Ditto as to the capacity of the 3 ft. 6 in. gauge,

and as to the width and dimensions of the rolling-stock adopted in Queens-

land, in Canada, and in India, 276, 277.—Ditto as to tlie cost of running

trains or of hauling goods on different gauges, 277.—Ditto as to the compa-

rative cost of broad-gauge railways and of narrow-gauge railways, 277.—Ditto

as to a contract between the Carnatic Railway Company and the Secretary of

State for India, entered into in 1870, and as to the construction of light broad-

gauge lines in England and in India, 278, 279.—Ditto as to the existing and

proposed railway system of India, 279, 280.

, F. W., elected associate, 213.

France, R. S., remarks as to explosive agents, 5.—Ditto as to the power and

safety of ditto with reference to their use for mining and quarrying, 6.—Ditto

as to the theory that gun-cotton was an absolutely safe explosive, 6.—Ditto as

to Nobel's dynamite and nitro-glycerine, 6.—Ditto as to the prohibitory Act

with regard to nitro-glycerine and its preparations, 7.—Ditto as to a letter

addressed by Professor Abel to Sir John Hay, during the time the Bill for

that Act was under discussion, 7.—Ditto as to the experiments made by the

War Office at his quarries, 9.—Ditto as to the relative capabilities and safety of

gun-cotton, of dynamite, and of nitro-glycerine, 9.—Ditto as to the difference in

the mode of action between gunpowder and ' exj^losives,' 9.—Ditto as to the sen-
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sitiveness of nitro-glycerine to cold, and tlie best mode of thawing it, 10.—Ditto

as to tlie composition of dynamite and litlio-fracteur, and as to litbo-fiacteur

being the surest in exijloding. 10.—Ditto as to the use of ditto and dynamite

in blowing up a vessel that had sunk in the Bristol Channel in a depth of

40 ft. of water, and as to the method adopted for thawing the frozen dynamite,

10.—Ditto as to ' pudrolythe,' and its superiority under certain circumstances to

gun-cotton and nitro-glycerine, 11.-;-Ditto as to the desirability that the manu-
facture and use of explosives should be free from undue Government interfer-

ence, 11.—Ditto as to the danger in thawing nitro-glycerine cartridges by hot

water, and as to his having given instructions for discontinuing that practice

in his quarries and in the works at Dover Harbour, 28.

Francis, W., transferred member, 537.

Frewer, C, appointed one of the scrutineeia of the ballot for Council, 110. —Vote
of thanks to, 111.

Gale, J. W., decease of, 118.

Galton, D., Captain, K.E., remarks as to ths State railways of India, 283, 287.

—

Ditto as to the uudesirability of introducing the metre gauge into the Indian

railway system, 284.— Ditto as to the question of sidings, 284.—Ditto as to

break of gauge and as to the cost of tianshipment of goods, 285.—Ditto as to the

amount of damage to salt from transhipment, 285.—Ditto as to the effect of

railways upon the movements of an army, 286.—Ditto as to the arrangements

made by the Germans during the Franco-Prussian war for the supplies of their

army in France, 28U.—Ditto ditto for the conveyance of the wounded, 280.—Ditto

as to the alleged difficulty of controlling the expenditure on Indian railways, 287.

—Ditto as to tlie construction of railways under Government instead of under

companies, 287.

Gibbons, C. C, elected associate, 213.

, W. C, admitted student, 138.

Giles, E., elected associate, 537.

Glinn, G. J. H., elected member, 537.

Godsman, J. G. C. C, remarks as to explosive agents, 5.—Ditto as to the action

of gunpowder in 'honeycombing' the interior surfacij of naval service guns, 5.

—Ditto as to the Aba-el-Wakf sugar factory, 83.—Ditto as to whetlicr the use

of sulphui'ous acid in the preimration of sugar was prejudicial to health, 84.—
Ditto as to irrigation in Northern India, 175.—Ditto as to the necessity of irri-

gation works in India, 175.—Ditto as to the irrigation works executed under

the East India Company and as to those constructed under the native rulers, 176.

—Ditto as to the comprehensive accuracy of design and durability of the native

works, 17G.—Ditto as to the Grand Annicut or w^eir at the seaward extremity of

the island of Seriugham, 176.—Ditto as to the several systems adopted for

dealing with the scour produced by the overfall water from a weir, 177.—Ditto

as to a divergency of opinion between the natives and the Madras Engineer

officers as to the precise forms to be given to weirs, 177.—Ditto as to the rela-

tive advantages of curved, and of straight forms for ditto, 177.—Ditto as to

the use of under-sluices in ditto, 178. — Ditto as to the under-sluices

in the CoUeroon Annicuts, and as to their having failed to keep the bed

of the river above them free from sand and silt, 178, 182, 184.—Ditto as to

the general success which had attended the CoUeroon Annicuts, and as to the

esteem in which their projector, Sir Arthur Cotton, was held by the natives,
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178.—Ditto as to extracts from the Transactions of the Madras Engineers,

showing that the under-sluices in the Colleroon Annicuts had not kept the

river ahove them free from accumulations of sand and silt, 1S2.—Ditto as to a

Keport of CoIoulI Baird Smith to the same effect, 184.—Ditto as to the use of

wicker boats covered with hides in the Madras Presidency, ISi.—Ditto as to

rice cultivation not necessarily being unhealthy, and as to the w^ater, when it

first entered tlie dry channels, producing endemic disease, 184.

Goldsun, C. B., elected associate, 21B.

Goodfcllow, A. T., admitted student, 138.

Gordon, G., Telf.a'd medal, and Telford premium, in books, awarded to, 114.

, J., elected associate, 213.

Greathcd, W. H., Colonel, E.E., on the practice and results of irrigation in

Northern India, 139.—Remarks as to the Okhla weir across the Jumna, and as

to the proposed weir across the Ganges at Eajghat, 165, IGG, l'J7, 1G8.—Ditto

as to the weirs acr.ss t:.e Kistnah, Godavery, and Pcnnair rivers, 107.

Greene, R. M., resignation of, 119.

Grierson, J., remarks as to the State railways of India, 417.—Ditto as to the

resptctive lengths of broad gauge, of mixe<l gauge, and of narrow gauge,

on the Great Western railway, 417.—Ditto as to thu rolling-stock and engines

I n ditto, 417.—Ditto as to tlie breaks of gauge on ditto, and as to tiie

amount of tonnage transferred in the course of a year in consequence, 417.

—Ditto as to the objections to break of gauge, 417.—Ditto as to the cost

of tiansfer, 417.—Ditto as to damage to goods from a transfer, 418.—Ditttr

as to the amuimt of compensation for damage to goods arising from transfer,

incurred by the Great Western Railway Company, during the year 1870,

418.—Ditto as to the delay arising from break of gauge, 419.—Ditto as

to the construclion of new lines of railway on a diflerent gauge from that of

existing lines being in some cases a desirable course to adopt, 419.—Ditto as

to a railway on a 3 ft. 6 in. gauge, which was beiui; constructed from the

railways on the 5 ft. 3 in. gauge from Eunis to the coast of Clare, 419.—Ditto

as to the alteration in the gauge of the Great Western railway, 419.—Ditto as

to the broad gauge on that line, 420.— Ditto as to the necessity of adopting au

uniform gauge throughout South Wales, 420.—Ditto as to an extract from a

memorial from manufacturers, merchants, colliery owners, and others, in 1866,

for the extt n-ion of the narrow gauge throughout the South Wales line, 42 1

.

—Ditto as to the alteration of 273 miles of railway west of Swindon, 421.

—

Ditto as to the advantages derived from the existence of an uniform gauge

throughout that district, 422.— Ditto as to a letter from Mr. A. Brogden as to

the beneficial eflect of ditto, 422.—Ditto as to the separation of the railway

systems of India by the adoption of the metre gauge for the proposed lines,

422.—Ditto as to the change of gauge on the West Cornwall railway from

Truro to Penzance, 422.—Ditto as to the dividend earned by the existing

railways in India, 423.—Ditto as to the value of railways to a country, 423. —
Ditto as to the strategic evils of a break of gauge, 424, 425.—Ditto as to the

movement of troops in the United Kingdom, and as to the delay arising from

the required concentration of the rolling-stock, 424.—Ditto as to the provision

of rolling-stock on the Lahore-I'eshawur line, 424.—Ditto as to the destruction

of the rolling-stock of that nairow-gauge line being equivalent to tiie destruction

of the railway itself for all practical purposes, 425.—Ditto as to the advantages

of constructing that line on the 5 ft. 6 in. gauge, 425.—Ditto as to a report

of the Royal Commission on Railways in 1867, 4i5.—Ditto as to the probable
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necessity of tlie future alleratiou of one of the gauges on trunk lines, if the

proposed new lines in India were made on the metre gouge, 425.—Ditto as

to the choice of metre-gauge railways or of no railways in India, 426.— Ditto
as to the desirability of avoiding break of gauge on trunk lines, 426.—Ditto as

to the necessity for a continuous gauge between Calcutta, Kotree, and
Peshawur, 426.

Grover, J. W., remarks as to the State railways of India, 395.—Ditto as to

altering the gauge of the existing lines, 395, 396.—Ditto as to the saving of a

metre-gauge line over one of 4 ft. 8^ in. gauge, 395.—Ditto as to the width
of vehicles compared with the width of gauge, 396.— Ditto as to the cost of

altering the gauge of existing lines, 396, 397.—Ditto as to the change of

rolling-stock and of engines, 397.

Gruuing, H., elected associate, 213.

Haas, G. A., admitted student, 109.

Hall, J., resignation of, 119.

, E. T., elected associate, 108.

, W., elected memljer, 108.

Halpin, D., remarks as to the Aba-el-Wakf sugar factory, 104.—Ditto as to the

gearing of cane-mills, 104.—Ditto as to the superiority of the centrifugal pump
over the ' montejut^,' 104.—Ditto as to fire clarification, and as to high, and low-

pressme steam ditto, 104.—Ditto as to evaporating under pressure, 105.—Ditto

as to centrifugal machines, 105.—Ditto as to the arrangement of the boilers

and evaporating pans in the Aba factory, 105.

Harris, E. H., elected associate, 138.

, E., elected member, 537.

Harrison, T. E., Vice-President, remarks as to the State railways of India, 234.

—

Ditto as to the traffic on the original Newcastle and Carlisle railway being

worked by light engines, light carriages, and light wagons, 235.—Ditto as to

the cars in use on the narrow-gauge lines, 235.—Ditto as to the estimates

of Mr. Hawkshaw and of Mr. Fowler, 235. — Ditto as to the particular

items of ditto, 235, 236, 237, 238.— Ditto as to the alleged saving on a

narrow-gauge line by adopting sharp curves, 238, 239.— Ditto as to the

saving in construction of a metre-gauge line as compared with a light broad-

gauge line, 239. — Ditto as to other circumstances, besides the question

of permanent way, entering into the construction of cheap lines, 239.—Ditto

as to the construction of the Selby and York railway, and as to a permanent

way laid down by the contractor for his own purposes, 239.—Ditto as to the in-

troduction of the metre gauge, of the mixed gauge, and of a break of gauge into

the Punjab system of railways, 240.—Ditto as to the change of gauge in the

South Wales district, 240.— Ditto as to the estimated saving as between the

metre gauge and the Indian standard gauge, 240.—Ditto as to the impossibility

of w irking two systems of gauge with the same amount of stock required for

an luiiform gauge, 241.—Ditto as to the additional cost in maintaining a mixed
gauge, 241.—Ditto as to the saving effected by taking up the mixed gauge on

the Oxford line of the Great Western railway, 241.—Ditto as to the proposed

introduction of the metre gauge on the Punjab system of railways being the

occasioning of an increased cost to the Indian Government, 242.—Ditto as to

the actual cost of working the metre gauge, 242.—Ditto as to the expense of

working and maintenance of the Festiniog railway, and as to the relative cost of

working lines of different gauges, 242.
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Harrisou, W., resignation of, 119.

Haslett, C, decease of, 119.

Hawkshaw, J., Past-President, remarks as to the State railways of India, 243.—Ditto

as to a report made by him for the Eastern Bengal Railway Company, in refer-

ence to whether that railway should be extended on the narrow gauge instead

of on the existing gauge, 243, 244.—Ditto as to a report by Mr. Fowler, 243.

—

Ditto as to the average .saving which would result from constructing the State

railways of India on the metre gauge, 243, 244.—Ditto as to the evils and cost

of a break of gauge, 244.—Ditto as to the dividends paid by railways to their

proprietors, not being an accurate measure of the national advantages afforded

by their construction and maintenance, 245.—Ditto as to the questions of the

gauge, and of the character of a railway, in a strategic point of view, 245.

—

Ditto as to the importance of forwarding troops in India with the least possible

obstruction, 245.—Ditto as to the crudity of the scheme propounded by the

Government for the State railways of India, 246.

Hawksley, T., President, vote of thanks to, 110.—Allusion to the death of his

Majesty the Emperor Napoleon III., 138, 536.—Remarks as to irrigation in

Northern India, 185.—Ditto as to the State railways of India, 465.—Ditto as to

it being more necessary to view the subject under the strategic than under the

economical aspect, 465.—Ditto as to the possibility of an enemy invading India

at the frontier contemporaneously with a mutiny or an insurrection, 466.— Ditto

as to the adoption of a gauge narrower than the 5 ft. 6 in. gauge in the parts of

India naturally protected from invasion, and where the population was sparse,

466.—Ditto as to the relative population of England and of India, 466.—Ditto

as to the insufficiency of the metre gauge for the main lines of India, 466.

—

Ditto as to the inexpediency of introducing another gauge into the main line

extension, of the railways of India, 467.—Ditto as to a recently acquired irre-

gular habit of reading speeches in the course of the discussions, which the

Council hoped would be abandoned, 467.

Hayter, H., appointed one of the scrutineers of the ballot for Council, 110.—Vote

of thanks to. 111.

Heaton, A. M., admitted student, 537.

Henfrey, C, jun., admitted student, 213.

Heppel, G. G., remarks as to the State railways of India, 416.—Ditto as to the

failure of a light rail tried on the Oudh and Rohilkund railway, 416.—Ditto as

to the weight and section of the rail, 416.—Ditto as to the cause of its failure,

416.—Ditto as to the failure not being a conclusive proof that light broad-gauge

lines could not be satisfactorily constructed and maintained, 416.—Ditto as to

the adoption of light broad-gauge lines being the only practical way of

obtaining economy in the working and maintaining of new railways, 417.

—

Ditto as to the weight of rail to be used on ditto, 417.

—
, J. M., decease of, 118.

Heyman, J. S., elected member, 108.

Howard, T., decease of, 119.

Howkins, J., jun., transferred member, 108.

Hughes, H., elected associate, 213.

India, irrigation in Northern. Vide Irrigation in Northern India.

India, necessity for the construction of ordinary roads in, as feeders to the

railways, 332, 335, 371, 385, 388, 415, 429.
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ludia, State railways of. Vide Railways of India, State.

, tabular statemeuts of the trade, revenue, and dt'bt of, 233.

Irrigation in Northern India, on the practice and results of, 139.—Large field for

hydraulic engineering opened out by the construction and application of irri-

gation works in India, 139.—Tract south of the great Himalayan range, 139.

—

Levels of the plains of the Ganges, Indus, Jumna and central table-land, 139.

—

' South-west monsoon ' and ' north-east monsoon,' 140.—Eainfall on the Western
Ghats, 140.—Ditto on tiie ' Central Provinces,' 140.—Ditto at various stations

on the eastern side of the peninsula, 140.—Ditto at the southern point of India,

and in Ceylon, 141.—Division by General Strachey and Dr. Braudis of the

surface of Hindostan into the arid zone, the dry zone, and the wet zone, 141.

—

Influences atfecting the agricultural conditions in the several parts of India,

141.—The Madras Presidency and its principal rivers, 141.—Large amount of

irrigation effected from tanks, 141.—Canal irrigation confined to the deltas

formed at the mouths of the great rivers, 142.—Areas irrigated in the deltas,

142.—Water when obtainable very abundant, 142.—Area irrigated from tanks,

142.—Conditions of soil in the Nizam's territory and Central India, 142.—Irri-

gation in Lower Bengal, 143.—Ditto in the province of Behar, 143.—Benares

division of the North-Western Provinces, 143.

—

North-Western Provinces,

144.—Sub-Himalayan tract, 144.—The ' Plains,' 144.—The province of Bundel-
cund, 144.—Climatic conditions of the provinces, 144.—Commencement of the

rains, 145.—Uncertain crops of the rainy season, 145.—Disastrous results of a
failure of the crops, 145.—Famine resulting from two seasons of scarcity in

1868-69, 145.—Agricultui-al operations, 146.—Indian com and other produce

matured, 146.—Fodder for cattle not cultivated, 146.—Cattle as a rule poor and
weak, 146.—Loss incurred in consequence, 147.—Rainfall in Hindostan during
the north-east monsoon, 147.—The spring harvest near Allahabad, 147.—Rain-
fall in the ' Plains,' 147.—Ditto in the Sub-Himalayan zone, 148.—Ditto in the
Bundelcund zone, 148.—Antiquity of practice of sinking wells for irrigation,

148.—Construction, cost, durability, and mode of working ditto, 148, 150.

—

Tenure of land in the North-Western Provinces, 149.—Advances made by the
State to permanent occupiers for the constmction of wells, 149.—Wells not used
to a large extent in the Sub-Himalayan zone, 149.—The rivers dammed and
channels led off from them, 149.—Dams so niunerous as to convert the portions

irrigated into hot-beds of malaria, 149.—Proposed Bill for powers to remove
ditto, 149.—No wells sunk in the Bundelcund zone, 150.—Partial iiTigation by
lakes, 150.—General character of the natives of Northern India, 150.—Their
poverty, 150.—People of Bundelcund zone not diligent, 151.—Liability of the
North-Western Provinces to famine, 151.—Evidence extracted from the official

narrative of the drought and famine of 1868-69, 152.—Ditto from reports of the
Commissioner of Jhansi, 153.—Ditto from the Chief Engineer's Report pub-
lished by Government in the Gazette of India, 155.—Scheme proposed in the
North-Western Provinces for turning all available waters to the greatest ad-
vantage, 155.—Characteristics, drainage areas, and discharges of the Gano-es
and of the Jumna, 156.—Head works of the Ganges canal and of the Jumna
canal fixed on the boulder portions of the river beds, 156.—Temporary dams
of crib-work boulders and shingle found to be most suitable for holding up and
diverting the water, 156.—Masonry structures preferred for regulating supply
channels, 156.—The Ganges canal, 156.—Width of ditto, at Solani aqueduct
157.—Main channel, branches, and distributaries, 157.—Minor distributaries, 157.

—Solani aqueduct and embanked approach, 157.—Difdculties in the con-
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etiuctiou of the works and iu Irtmaportiug the materials from Calcutta, anil

necessity for educating the workmen, 157, 158.—Duties of a canal officer, 158.

—

Assessment, of lands irrigated, 158.—Earning of a cubic foot of water per second

per annum on the Ganges and Eastern Jumna canals, 158.—Net income of all

the canals in the North-Western Provinces, 159.—Tiie Ganges canal not largely

used f(ir navigation, 159.—Water power, 159.—Proposed weir across the Ganges,

near liajghat 151*, 160.—The Lower Ganges canal, 159.—The Agra canal, 160,

161.—Weir across the Jumna at Okhla, 160.—Effects of floods upon ditto, 160.

—

Proposed Eastern Ganges canal, 161.—Difficulties in dealing with the Bundel-

cund zone, 161.—Eiver Betwa. 161.—Variations in the volume discharged by

ditto, 161.—Proposed irrigation from ditto, and projected weir, 161, 162.

—

Proposed weir on the river Dussan, 162.—Ditto on the river Keyn, 162.—ProiDoscd

iriigaiion from fifteen lakes in Bundelcuud, 162.—Total area proposed to be

irrigated, 162.—Keturns expected, 162.—System of canals projected for the irri-

gation of the province of Oude, and parts of the Benares division, 163.—Physical

geograp'ny and rainfall of the Punjab, J 63.—Western Jumna canal, 1G3.—Baree

Doab canal, 163.—Inundation canals on the Indus, Chenab, and Sutlej, 163.

—

The Sirhind canal, 163.— Irrigation in Northern India contrasted svith irrigation

in tlie Madras Presidency, 163.—Canals in Scinde, 161.—Number of engineers

employed, 16-1.

Jackson, H. J., elected asi-ociate, 213.

Jacob, E. W., elected associate, 108.

James, F., presentation of a cast of the statue of Telford, as erected in Westminster

Abbey, noticed in tlie Annual Report, 112.

Janson, A., elected associate, 108.

Jobson, R., decease of, 119.

Jolinstone, F. J., elected associate, 108.

Joseph, F. W., Lieut., B.S.C., elected associate, 537.

Joyce, A., admitted student, 138.

Kennedy, Lieut.-Colunel J. P., remarks as to the State railways of India, 394.—Ditto

as to the evil effects of a break of gauge, 394.—Ditto as to a metre gauge being

inapplicable to the peculiar traffic of India, 3i)4.—Ditto as to making the width

of the wag>.n-load proportionaie to the width of the gauge, 394.—Ditto as to the

goods tiaffic conveyed over the Bombay, Batoda, and Central India railway,

395. Ditto as to a classification of the goods traffic b(;ing the only test by which

the fitness of different railway gauges could be established, 395.—Additional

memoranda as to the goods traffic conveyed over the Bombay, EaioJa. and

Central India railway during the years 1870 and 1871, &c., 529.

Kershaw, D., decease of, 118.

King, W. H., elected associate, 537.

Kitt, B., elected associate, 13S.

Knaggs, W., remarks as to the Aba-el-Wakf sugar factory, 80.—Ditto as to the use

in ditto of the evaporating tray, and of the system of clarification patented by

him in 1865-66, and as to his having worked the process in Egypt from tlie com-

mencement, 84, 85.—Ditto as to the large diameter of the cane-mUl rollers, 84, 96.

•—Ditto as to the use of permanganate of soda in combination with sulphurous

acid at the Aba factory, and as to its action, 84, 97.—Dilto as to the superiority

of the centrifugal pump to the ' montcjiis,' 84.—Ditto as to the clariflers, 85.

—

Ditto as to the coucretor being an improvement on the old copper wall, 85.

—



ixDEX. 555

Ditto as to the syritem of boiling tlie juice under pressure, 85.—Ditto as to a

letter from Messrs. Eastoii and Anderson as to the permanganate of soda process

being beneficial in tlie clarification of sugar, 86.

Knox, H. C, admitted student, 138.

Ijane, C. B., remarks as to cylindrical foundations, 206.—Ditto as to the brick

cylinders sunk pieparatory to tlie construction of the Thames Tunnel, 206.

Langley, A. A., remarks as to explosive agents, 21.—Ditto as to the use of gun-

powder, gun-cotton, and nitro-glycerine in mining operations, 21.—Ditto as to

the saving in labour in mining operations in slate-rock efl'ected by the use of

gun-cotton, 21.— Ditto as to the non-applicability of ditto to quarrying slate

blocks for manufacture, owing to the suddenness of its operation, 21.—Ditto as

to the safety of gun-cotton, 21.—Ditto as to tlie use of oil of glycerine in flint

and other works of tiiat description, 21.—Ditto as to the desirability of necessary

details being given as regards the action of explosives, with the view to a further

saving in tunneling, and in mining operations, 21.

Latham, B., remarks as to hrigation in Northern India, 171.—Ditto as to the

malarious influence brought into operation by the cultivation of rice under cer-

tain circumstances, 171, 172.—Ditto as to no injurious residts following when
irrigating meadows were arranged with sloping surfaces, 171, 172.—Ditto as to

the conclusion arrived at by a Commission ajapointed by the Governor-General

of India to inquire into the cause of the unhealthiness of certain irrigated

districts, 171.—Ditto as to the desirability of maintaining a constant cm-rent

sufficient to promote a circulation of water through the soil, 172, 175.—Ditto as

to experiments made by him in a water-tight glass tank, having an inclination

of 1 in 100, 172, 17-1:.—Ditto as to the diagram illustrating the results of those

experiments, 173.—Ditto as to experiments made in another tank under the

conditions of a rice irrigated field, lH.—Ditto as to the conclusion drawn from

those experiments, 174.—Ditto as to the practice adopted in Piedmont and in

Lombartly of increasing the natural slope of tlie irrigated beds, 175.

, J. H., Telford medal, and Telford premium, in books, awarded to, 114.

Lawrence, Lord, remarks as to the State railways of India, 323, 326.—Ditto as to tlie

gauge of ditto being a question of cost rather than one of cnvenience, 323, 321.

— Ditto as to the estimated cost of railways on the narrow gauge and on the

5 ft. 6 in. gauge, 323.—Ditto as to the line from Peshawur to Lahore, and from

Lahore to Kurrachee, and as to break of gauge, 321.—Ditto as to the movement
of troops, and as to railways on the metre gauge being sufficient for all the

requirements of the frontier, 325.—Ditto as to the question of a break of gauge
in India being one as much for the financier, admin istiator, and stitesman as
it was for the engineer, 326.

Leggatt, W. B., elected associate, IDS.

Leigh, E., elected associate, 108.

, F. J., admitted student, 109.

Leslie, B., Telford medal, and Telford j^remium, in books, awarded to, 114.

Letheby, Dr. H., remarks as to the Aha-el-Wakf su^ar factory, 89.—Ditto as to

the chemical principles concerned in the economical production of sugar, 89.

—

Ditto as to the growth of the cane, 90.—Dit'o us to the question whether it was
desirable to extract the greatest possible amount of juice from ditto, 90.—Ditto

as to whether it would not be profitable to separate the juice of the first pressure

from that of the second, 90. —Ditto as to the action of sulphurous acid in de-

stroying the immediate agents of fermentation, 91.—Ditto as to the us3 of
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carbonic acid, 91.—Ditto as to the system of evaporating sugar under pressure,

91.—Ditto as to the undesirability of subjecting sugar to a higher temperature

tlian 165^ or 170'', 91.—Ditto as to the chief causes of the degradation of crys-

tallizable sugar, 92.

Lewis, A. D., elected associate, 108.

, W. B., remarks as to the State railways of India, 372, 374.—Ditto as to

tlie question of gauge having been debated in the colony of Victoria, 373, 374.

—

Ditto as to the evidence of Mr. T. Higiubotham, Engineer-in-Chief of the Govern-

ment railways in Victoria, on that question, and as to the plans and estimates

prepared, 373.—Ditto as to the fallacy of arguing upon averages, 374.—Ditto as

to the cost of the broad-gauge lines and of the narrow-gauge lines in Norway,

374.—Ditto as to the Legislative Assembly in Victoria, which had voted for the

construction of railways on the 3 ft. 6 in. gauge, having rescinded that vote by a

majority of four to one, 375.

Ley, J. v., elected associate, 213.

Library, additional book-shtlf accommodation in, and accessions to, noticed in the

Annual Eeport, 113.—List of donors to, from December 1st, 1871, to November
30th, 1872, 134.

Lloyd, W., appointed one of the auditors of accounts, 110.

Lonsdale, Earl of, decease of, 118.

MacAdam, P. H., elected member, 213.

Mackay, J., elected associate, 138.

McNair, J. F. A., Major, R.A., elected associate, 108.

Majendie, V. D., Major, R.A., remarks as to explosive agents, 19.—Ditto as to

restrictive legislation in regard to ditto, 19.—Ditto as to the accidents at Car-

narvon, in Cornwall, near Oswestry, at Colon, and at Newcastle, 19, 20.—Ditto

as to the necessity for legislation in the manufacture and transport as well as in

the use of explosives, 20.—Ditto as to the presentments of coroners' juries in

support of restrictive legislation, 20.—Ditto as to the limits to be adopted in

restricting the use of explosives, 20.

Manby C, Honorary Secretary, vote of thanks to, 109.

and Telford premiums, and Telford medals, and Miller prizes, awarded,

session 1871-72, 110, 114, 115.—List of subjects for, session 1872-73, 128.

-, E. J. T., elected associate, 108.

Marks, T. T., elected associate, 108.

Marrable, F., decease of, 119.

Martindale, M., admitted student, 537.

Mason, T., remarks as to explosive agents, 22.—Ditto as to the manufactiu-e and

use of pudrolytlie, 22.—Ditto as to its transport as ordinary traffic in Belgium,

22.—Ditto as to experiments made with ditto by Mr. George Farren, for the

Welsh Granite Company, 22.—Ditto as to further experiments with ditto at

Lord Penrhyn's quarries and at other j^laces, 22.—Ditto as to the composition of

ditto, 22.—Ditto as to the amount required relatively with ordinary blasting

powder, 23.—Ditto as to its use in slate quarries, 23.

Maxwell, J. P., elected associate, 138.

May, R. C, appointed one of the scrutineers of the ballot for Council, 110.—Vote

of thanks to, 110, 111.

Medals, Telford, and Telford and Manby premiums, and Miller prizes,

awarded, session 1871-72, 110, 114, 115.—List of subjects for, session

1872-73, 128.
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Medcalf, T., elected member, 213.

Medley, J. G., Lieut.-Colonel, R.E., remarks as to irrigation in Northern India,

178.—Ditto as to the Okhla weir, 178, 180.—Ditto as to the system of con-

structing weirs in Madras and in Bengal, 178.—Ditto as to the proposed weir at

Eajghat, 179.—Ditto as to the Indus Inundation canals, 179.—Ditto as to the

perennial canals, 179.—Ditto as to the sale and measurement of water, 179.

—

Ditto as to the importance of navigation canals in Upper India, 179.—Ditto as

to the desirability of utilizing the water-power wasted at tlie falls of the Ganges

canal, 180.

Michel], T., admitted student, 138.

Millar, A., jun., admitted student, 138.

Miller prizes, and Telford medals, and Telford and Manby premiums, awarded,

session 1871-72, 110, 114, 115.—List of subjects for, session 1872-73, 128.

Milroy, J., cylindrical or columnar foundations in concrete, brickwork and stone-

work, 186.—Eemarks as to the construction of non-metallic cylinders in rings

and in combinations, 210.—Ditto as to there being no record of the use of brick

wells for foundations in Great Britain, 210.—Ditto as to the shafts sunk in con-

nection with the Thames Tunnel, 210.—Ditto as to the cylinders sunk at the

Hermitage Wharf, 211.—Ditto as to the relative advantages of iron cylinders,

and of non-metallic cylinders, 211.—Ditto as to ditto of concrete cylinders, and

of brick cylinders, 211.—Ditto as to the concreted space between combinations

of cylinders, 212.—Ditto as to combinations of three cylinders sunk on the

Clyde, 212.—Ditto as to the weight required to overcome friction, &c., in sinking

cylinders, 212.

Milsom, B. P., admitted student, 109.

Minutes of Proceedings issued, noticed in the Annual Report, 113.

Mitchell, J., remarks as to the State railways of India, 398.—Ditto as to the Ding-

wall and Skye railway, and as to tenders for making that line on the 3 ft. 6 in.

gauge, and on the 4 ft. 8j in. gauge, 398.

Morant, J. L. L., Captain, R.E., elected associate, 108.

Morel, E., decease of, 119.

Morton, E., elected member, 108.

Mowbray, Professor G. M., remarks as to explosive agents, 29 et seq. Vide also

Evans, W. W.
Moyle, G., admitted student, 138.

Mulock, G. P., admitted student, 109.

Murray, A., decease of, 118.

Myres, J. J., jun., resignation of, 119.

Napoleon III., notice of the death of, by Mr. T. Hawksley, President, 138, 536.

Neale, D. H. W. J. N. O'N., elected associate, 213.

Nicholas, C. E., elected associate, 537.

Nicholson, W. G., Lieut., E.E., elected associate, 108.

Noad, W. I., elected associate, 108.

Norway, railways of, 246 et seq., 271, 272, 356.

Nursey, P. P., remarks as to explosive agents, 15.—Ditto as to the prohibitory

Act with regard to nitro-glycerine and its preparations, 15.—Ditto as to the
impression that the Act utterly jirohibited the introduction of nitro-glycerine

compounds, 16.—Ditto as to the composition of litho-fracteur, 16.— Ditto as to

a " Eeport on Litho-fracteur, &c., fiom the Engineer Company of the Guards
under General von Kamccke, President,'' issued by the Prussian Government
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16.—Ditto as to the safety, power, and economy of violent explosives in their

applicntion to industrial purposes, 17.—Ditto as to a series of illustrative

experiments carried out by Mr. Nobel, in July, 1868, at tlie Mer.-tliam quarriesj

17.—Ditto as to the safety, strength, and power of litho-fracteur, 18.—Ditto

as to experiments made with ditto at Mr. France's quarries at Xautmawr and

Breidden, 18.— Ditto as to some blasting operations with ditto at the porphyry

quarries of Quenast, in Belgium IS.—Ditto as to the use of ditto in Germany
for industrial, engineering, and military purposes, 19.—Ditto as to the danger

in the preparation of the nitro-glycerine for dynamite, and as to tlie immunity

from accident in the preparation of nitro-glycerine for litho-fracteur, 19.—Ditto

as to the intended use of litho-fracteiu- in the St. Gothard tunnel, 19.

Odling, F. J., elected associate, 537.

Ogston, G. H., remarks as to the Aba-el-Wakf sugar factory, 85.—Ditto as to

his belief that no permanganate of soda was used during his experiments, 85,

86, 101.—Ditto as to his reasons for objecting to Ihe introduction of per-

manganate of soda into solutions of sugar, 86.—Ditto as to the effect of

animal charcoal upon cane-juice, 97.—Ditto as to exhibited samples of sugar

from the Aba factory, 98, 99.—Ditto as to tlie action of sulphurous acid upon

cane juice, and as to the volume absorbed, 98, 99.—Ditto as to the second or

refining process, and as to the relative capabilities of animal charcoal and of

sulphurous acid in producing white sugar, 99.— Ditto as to the comparison

of the produce of the Bene Mazar and Aba factories, 99,—Ditto as to the

question of the temperature in the evaporating vessels, 99.—Ditto as to the

degree of rapidity required for evajjoratidn, 100.—Ditto as to the great amount

of juice degraded into uncrystallizable sugar during the process of manufacture

at Aba, 101.

Orchard, W. P., Miller prize awarded to, 115.

Original communications, list of subjects for, session 1872-73, 128.—Instructions

as to preparing ditto, 130.—List of, received between December 1st, 1871, and

November 30th, 1872, 133.

Ormsby, A. S., remarks as to the Slate railways of India, 370.—Ditto as to the

gradual and permanent alteration of the Indian gauge to one of 3 ft. 6 in., 370.

Otter, F. W., elected associate, lOS.

Pavkes, W., remarks as to irrigation in Northern India, 107.

Patch, T., admitted student, 213.

Pattison, 0., dt-cease of, 119.

Payne, A., elected associate, 108.

Peggs, J. W., elected associate, 213.

Phillips, A. F., eltcted associate, 213.

, G., remarks as to the Aba-el-Wakf sugar factory, and us to the modes of

producing and refining sugar there adojittd, 73.—Ditto as to the defecating and
decolorising capabilities of pin-e animal charconl, 73. 74.—Ditto as to the

difiiculties in introducing improvements in the manufacture of sugar, 73.

—

Ditto as to Howard's vacuum pan, 73.—Ditto as to Finzel's centrifugal

machine, 73.—Ditto as to the use of non-porous moulds, 74.—Ditto as to the

cost of charcoal employed in refining sugar, 74.—Ditto as to the temperature
to be adopted in the production and refining of sugar, 74.—Ditto as to the

production of pure animal charcoal, 74.

Pickford, C. E., admitted student, 109.
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Pickwfll, R., admitted student, 213.

Pihl, C, remarks as to the State railways of India, 271.—Ditto as to the narrow-

gauge railways, and broad-gauge railways in Norway, 271, 272.—Ditto as to

break of gauge, 272.—Ditto as to the change of gauge and rolliiig-stock of

the Great Western railway in England, 272, 273.

Pole, W., rema'ks as to the State railways of India, 429.—Ditto as to the alteration

of the gauge, 429, 434.—Ditto as to the influence the gauge had on the cost

of a railway, and as to the real criterion of expense behig the carrying power,

430.—Ditto as to the Grt at AVestern railway, and as to the extra cost of making
that line on the broad gauge, 430.—Ditto as to the assumed economy of con-

struction of narrow-gauge railways, 430.— Ditto as to the introduction of the

' overhang ' of the carriages having taken away the sigaiflcance of the gauge as a

measure of tlie works, 430, 431.—Ditto as to the uumechanical step of pushing

the wheels closer together under the middle of the carriage, 431.—Ditto as to

' light railways,' 431.—Ditto as to the cost of a line 22 miles long, constructed

to accommodate a poor district, 431.—Ditto as to a light branch lino on the

Great Western railway system, 432.—Ditto as to a light railway on the standard

gauge, called the ' Wotton Tramway,' 432.—Ditto as to tlie traffic on ditto,

432.—Ditto as to the Eigi railway, near Lucerne, 432.—Ditto as to light

railways having been provided for by the legislature, 433.—Ditto as to a Report

of a Meeting of the Exeter Chamber of Conjmerce, in June, 1872, on the subject

of light railways to Exeter and the neighbourhood, 433.— Ditto as to the

assumption that practically the broad gauge was never adopted, except when
broad, heavy vehicles were used, 433.—Ditto as to a statement by Mr. Gladstone

in the House of Commons with regard to the victory of tlie narrow gauge over

the broad gauge, 433.—Ditto as to break of gauge, 484.—Ditto as to the Imperial

railways of Japan, 434.—Ditto as to the projjosed narrowing of the gauge in

India being founded on a delusion, 434.

Premiums, Telford and Manby, and Telford medals, and Miller prizes, awarded,

session 1871-72, 110, 114, 115.—List of subjects for, session 1872-73, 128.

Preston, A. E., Miller prize awarded to, 115.

QuLdch, R. J., elected associate, 213.

Railways, light broad-gauge, 215, 235, 239, 263, 264, 266, 271, 278, 279, 331, 835,

840, 348, 358, 359, 887, 401, 403, 405, 406, 412, 414, 416, 428, 431 et seq., 438,

534.

of India, State, the relative advantages of the 5 ft. 6 in. gauge and of

the metre gauge for the, and particularly for those of the Punjab, 214.—The one

soUtary reason of the Indian Government for adopting a narrow gauge was belief

in its superior economy, 214.—Editorial note drawing attention to material cor-

rections made by the Author and speakers in the course of the discussion, con-

sequent upon a considerable over-statement of the number of miles of State

railways projected, 214.—Abstract proposition that a narrow-gauge railway must
be cheaper than a broad-gauge railway, 215.—Assumed saving in special items,

215.—Estimated saving by Mr. Hawkshaw and by Mr. Fowler, 215, 216.—Pro-

gramme of the Indian Government for State railways, 217.—Transport of the

utmost amount of expected traffic not beyond the capacity of the metre gauge,

217.—Position of the Indian Government when first conceiving its State rail-

way policy, 218.—Amount previously expended by railway companies, 218.

—

Interest guaranteed, earnings, and deficiency to be made up by the Indian tax-
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payers, 218.—Choice of Government laid between narrow-gauge railways and no

railways at all, 219.—As totlie opinion that, owing to particular circumstances,

the broad gauge would be better adapted to particular localities, and especially

to the Punjab railway system, 219.—Arguments in support of that opinion by

Mr. Fowler, 219.—Estimates by Mr. Fowler and by Mr. Lee Smith for railways

from Peshawur to Lahore, and from Mooltan to Kotree, 220.—Estimated total

saving by the adoption of the metre gauge on those two sections, 221.—Kecom-

mendations by Mr. Fowler, 221.—As to the alleged necessity of providing addi-

tional rolling-stock, 222.—Comparisons hitherto made by Mr. Fowler or others,

between broad gauge and narrow gauge for the Punj all, 222.—Purposes which the

Punjab system of railways has in view rather strategical than commercial, 223.

—

Necessity for a branch from Sukkur, on the Indus, to Dadur, at the mouth of the

Bolan Pass, 223.—Connection of the Indus Valley railways with those of Eaj-

pootana, 223.—As to what extent a large pecimiary advantage would be counter-

balanced by the disadvantages consequent on break of gauge, 223.—Evil

attendant on break of gauge, 224.—Ditto in the case of tlie Punjab considered

in its mercantile and strategical aspects, 224, 225, 226.—Quantity of traffic

passing through Lahore in 1870-71, 225.—Respecting the restriction of the

projected Punjab lines to their own jiroper rolling-stock, and their inability to

borrow from their own i^roper rolling-stock, 226, 227.— Case for the Government

of India, 227.

Eailways of India—"East India (Eailways).—Return to an Address of the Honour-

able The House of Commons, dated 11 March, 1873;—for, 'Copies of Corre-

spondence between the Government of India and Court of Directors, relating to

the present Gauge of Five Feet Six Inches of the Indian Railways:' 'And, of

the Minutes of Lord Dalhousie and the Reports of the Consulting Engineers

on the subject of the Gauge,' " 469.

of Norway, 246 et seq., 271, 272, 356.

of Sweden, 337, 520.

Ransome, F., remarks as to cylindrical foundations, 209.—Ditto as to ' apoenite' as

a material for ditto, 209.

Ratcliffe, E. S., admitted student, 213.

Redman, J. B., remarks as to the Aba-el-Wakf sugar factory, 71.—Ditto as to

the machinery used in the West Indies, 71.—Ditto as to patents relating to

sugar machinery, 71.—Ditto as to the cultivation and harvesting of sugar canes

in the West Indies, in Australia, and in Egypt, 71,72.— Ditto as to irrigation in

Northern India, 168.—Ditto as to the weir at Okhla, 169.—Ditto as to the ' toe
'

of the slope in a weir, 169.—Ditto as to the proposed weir at Rajghat, 169.

—

Ditto as to cylindrical foundations, 207.—Ditto as to the weight per superficial

foot upon ditto, 207.—Ditto as to the frictional resistance which acted in sup-

porting the load, 208.—Ditto as to cast-iron shoes, 208.—Ditto as to a cast-iron

curb used for sinking a well at Woolwich dockyard in 1839, 208.—Ditto as to

the shafts sunk for the Thames Tunnel, 208.

Reeves & Co., Messrs., remarks as to explosive agents, 29.—Ditto as to a special

preparation of ' gun-felt ' for engineering and mining purposes, the basis of which

was pyroxilin, 29.

Rendel, A. M., remarks as to cylindrical foundations, 207.—Ditto as to the cylinders

sunk at the Hermitage Wiiarf, 207.—Ditto as to the State railways of India, 355,

359, 360, 361, 368, 369.—Ditto as to the Committee appointed by the Govern-

ment in 1870, 355, 356.—Ditto as to the railways in Norway on a 3 ft. 6 in.

gauge, 356.—Ditto as to the heating surface of narrow-gauge engines, 356.—

•
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Ditto as to the reasons for adopting tlie metre as the, gauge for the State rail-

ways of India, 356, 357, 358.—Ditto as to a report signed by Colonel Strachey,

Colonel Dickens, and himself, recommending a 2 ft. 9 in. gauge and a 36-lbs.

rail, 357.—Ditto as to the arguments for retaining the 5 ft. G in. gauge, and

reducing the weight of the rails, 358, 359.—Ditto as to the failure of a 42-lb3.

rail on the Oudh and Kohilkund railway, 358.— Ditto as to the officials of

Indian railways and the Government, 359.—Ditto as to the narrow-gauge system

as applied to the Scinde and Peshawur lines, 360, 362.—Ditto as to the question

of the Scinde railway competing with the navigation on the Indus, 361.—Ditto

as to his estimates in respect to the Indian narrow-gauge lines, 362, 363.—Ditto

as to the sidings on the Scinde railway, 363.—Ditto as to the policy of the

Government in laying the Peshawiu- line alongside the road, 363.—Ditto as to

the difference between English and Indian traffic, and the effective capacity of

Indian railways, 364.—Ditto as to the metre-gauge rolling-stock, 365.— Ditto as

to the metre-gauge horse-boxes, 366.—Ditto as to break of gauge, 367.—Ditto as

to the cost of transhipment, 367.—Ditto as to a diagram showing the increase of

traffic upon Indian railways, 368.

Keport, Annual, read and ordered to be printed, 110.—Flourishing condition of

the Institution sustained during the past year, 112.—Decoration of the build-

ing, 112.—Presentation of a cast of the statue of Telford, as erected in West-

minster Abbey, 112.—Addition to the book-shelf accommodation in the Library

rendered necessary by recent large accessions, 113.—Topics discussed at the

Ordinary Meetings of the past session, 113.—Enumeration of subjects brought

forward, 113.—Eeference to Minutes of Proceedings issued during recess, 113.

—

List of Telford medals and premiums, and Manby premiums, awarded, 114.

—

Mr. I. L. Bell's communication on " The Economy of Fuel in the Iron Blast

Furnace," noticed, 114.—Necessity for reducing the length of Papers so as to

allow time for their discussion, alluded to, 114.—Supplemental meetings held

to enable the students to read and discuss Papers among themselves, 115.

—

Favourable report of those Meetings from the Members presiding, 115.

—

Facilities afforded to the students by the Library, 115.—Desirability that they

should sketch existing works, and make critical remarks in regard thereto, 115.

—Miller prizes awarded to students, 115.—Visit of the students to the Leicester

Water-Works, and to the chiuf station of the Grand Junction Water-Works
Company at Kew Bridge, 116.—Keference to the list of subjects for Papers,

session 1872-73, 116.—Additions to the list of Honorary Members, 116.

—

Tabular statement of the transfers, elections, deceases, and resignations of the

members of all classes, during the years 1870-71, and 1871-72, 117.—Net

effective increase, 117.—Ditto of students, 118.—Table showing the total

electiuns, and the numbers of the several classes remaining on the books, at

quinquennial periods, since the foundation of the Institution, 118.—Deceases,

118.—Decease of Mr. Joseph Cubitt, Vice-President, noticed, 119.—Eesigna-

tions, 119.—Bequest of Mr. T. Howard, 119.—Kemarks as to the financial

statement, 119.—Summary of the receipts and expenditure for the last two

years, 120.—Nominal value of the funds of the Institution on the 30th of

November, 1872, 121,—Summary of the securities in which the funds are

placed, 122.—Outstanding subscriptions for the years 1870, 1871, and 1872, 122.

—Annual dinner, 122.—President's conversazione, 123.—Past and present status

of the Institution, 123.—Abstract of receipts and expenditure from the 1st

December, 1871, to the 30th November, 1872, 124.

Rich, W. E., remarks as to the Aba-el-Wakf sugar factory, 86.—Ditto as to the

[1872-73. N.S.] 2
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proper dimensions of cane-mill rollers, 86.—Ditto as to time being an important

element in the efficient crusbing of tibres, 86.—Ditto as to the power developed

by the engines of the cane mills at the Aba factory, 87.—Ditto as to the ad-

vantages of the system of gearing adopted over the ordinary system, 87.—Ditto

as to the strength of the copper vacuum pans, 87.

Richardson, J., elected associate, 213.

, W. P., elected associate, 108.

Eicketts, A., elected associate, 537.

Rigby, J. D., resignation of, 119.

River Clyde, quays on the banks of the. Vide Foundations.

Roberts, R., resignation of, 119.

Eobertson, J., elected associate, 108.

Rymer-Jones, A. M., elected associate, 108.

Sandberg, C. P., remarks as to the State railways of India. 337.—Ditto as to a discus-

sion in respect to the continuation of the standard (4 ft. SJ in.) gauge in Sweden,

337.—Ditto as to the result being that the standard gauge was continued, but

with a lighter construction necessitating a lower speed, 337.—Ditto as to the

little support given to the narrow gauge in Sweden, 337.—Ditto as to an
" Account of the Swedish railways, tlieii' Cost, Gauge, and Sliced," 338.—Ditto

as to a communication from Baron von Weber in respect to the construction

of branch lines in Austria on the normal gauge of 4 ft. 8Jin., 338.—Additional

memoranda as to the Swedish railway system, 520.

Sandeman, J. W., elected member, 213.

Scamp, W., decease of, 118.

Scott, W. H., elected associate, 138.

Shawe, G. A. G., admitted student, 138.

Shears, J., remarks as to the Aba-el-Wakf sugar factory, 72.—Ditto as to the

requisite diameter of the cane-mill rollers, 72.—Ditto as to the amount of sugar

which should be extracted from the cane, 72.—Ditto as to the vacuum pans

used at the Aba- el-Wakf sugar factory, and as to the method of proving them,

72, 73.

Shelford, W., remarks as to a longitudinal section of tlie river Nene at Sutton

Bridge, taken in July, 1847, 175.

Shepheard,C. E., elected associate, 108.

Shield, W., appointed one of the scrutineers of the ballot for Council, 110.—Vote

of thanks to, 111.

Shores, J. W., admitted student, 109.

Siebe, A., decease of, 119.

Siemens, A., elected associate, 213.

, C, Telford medal, and Telford premium, in books, awarded to, 114.

, C. W., remarks as to the Aba-el-Wakf sugar factory, 75.—Ditto as to the

mechanical, and chemical questions involved iu the manufacture of sugar, 75.

—

Ditto as to the diameter of the cane-mill rollers, 75.—Ditto as to the use of the

centrifugal pimip for raising the juice, 75.—Ditto as to the evaporating appa-

ratus, 75.—Ditto as to the use of the steam raised from the saccharine solution

for working the vacuum pan and for driving the engine, 75.—Ditto as to the

direct application of heat to vacuum pans, 76.—Ditto as to the substitution of

sulphurous acid for charcoal at the Aba factory, 76.—Ditto as to whether

sulphurous acid was always free from sulphiu-ic acid, 76.—Ditto as to the

theory that galvanic action would be set up between the charcoal and the
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colouring matter, 76.—Ditto as to experiments for effecting the concentration

under a vacuum, so as lo attain tlie advantage of using the steam repeatedly,

77.—Ditto as to the use of the steam blast apparatus, and as to its use for

forcing the vapour raised in a vacuimi jmn into the evaporating tubes of the

same or of another pnn, 77.

Simmons, Sir L., Lieut.-General, K.E., remarks as to the State railways of

India, 407.—Ditto as to the saving to be effected by the adoption of the

narrow gauge, 408.—Ditto as to the question being one for the com-

parison of prime cost, in conjunction with that of the relative expense and

inconvenience of working the two gauges, 408.—Ditto as to the incon-

venience and dilficulties occasioned by a break of gauge, 408, 409, 410, 411,

412, 413.—Ditto as to the i)robable increase of traffic passing through Lahore,

408, 409.—Ditto as to the increase of traffic iu England, 408.—Ditto as to the

military asiJcct of the question of break of gauge in the great strategic lines of

communication tliroughout India, 409, 410, 411, 412.—Ditto as to the effect of the

destruction of the narrow-gauge rolling-stock of the Punjab railways, 410.—Ditto

as to the German military operations in France, and as to the advantage derived

from the use of German rolling-stock on French railways, 411, 412.—Ditto as to

the assertion that, in India, large bodies of troops would not require to be moved,

411.—Ditto as to the aggravation of the sufferings of the sick and wounded by
a break of gauge, 411.—Ditto as to the use of the broad-gauge rolling-stock on

light broad-gauge lines, 412.

Smallman, K., decease of, 118.

Smith, H. L., remarks as to the State railways of India, 288, 291, 292, 298, 299,

300, 301, 302, 303,304.—Ditto" as to his estimates for the Ptshawur railway and
for the Indus Valley railway, 288, 30G.—Ditto as to the adoption of the narrow
gauge upon tiie Indian State railways having arisen from an exaggerated idea of

its economy, 289, 294.—Ditto as to the 'completion statements' of a district of

the East Indian railway, 290.—Ditto as to the bridges on the Peshawur line,

293.—Ditto as to the adoption by the Government of a break of gauge in the

Indian railway system, 293.—Ditto as to the amount of rolling-stuck requisite for

working tlie narrow-gauge system in India, 294, 295, 290, 297, 303, 305.—Ditto
as to the 'Great Eunn of Cutch,' 300.—Ditto as to Scinde, 301.—Ditto as to

Ajmere, 301.—Ditto as to the Indus Valley railway, 300.—Ditto as to the esti-

mated cost of constructing ditto with a 5 ft. 6 in. gauge, and with a metre gauge,

307.—Ditto as to the Peshawur railway, 309.—Ditto as to the estimated cost

of constructing ditto with a 5 ft. 6 in. gauge, and with a metre gauge, 310, 311.

, J., admitted student, 109.

, J. T., Colonel, R.E., remarks as to irrigation in Northern India, 180.—Ditto

as to the foundations of weirs in the Madras Presidency, 180.—Ditto as to the

Okhla weir, 180.—Ditto as to the interest of capital expended ui^on irrigation

works, 181.—Ditto as to rice irrigation not necessarily being unhealthy, 181.

—

Ditto as to tmder-sluices, 181, 184.—Ditto as to the durability of the Grand
Annicut, 181.^—Ditto as to the modern system of irrigation in Southern India

founded by Sir Arthur Cotton, 182.—Ditto as to an instrument for the measure-

ment of water, 182.—Ditto as to the demi-anuicut, or wall, constructed for regu-

lating the bed of the Cauvery, 184.—Ditto as to the State railways of India, 399.

—

Ditto as to the relative amount of the working expenses on the different gauges,
399.—Ditto as to any excess in working expenses on the narrow-gauge lines

being equivalent to interest on greater first cost of broad-gauge lines, 399, 401.

—Ditto as to the Festiuiog railway, 400, 401.—Ditto as to the consumption of

2 2
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fuel on ditto, 400.—Ditto as to the working expenses per train mile "being 66

per cent, over the average of four English lines, 401.—Ditto as to the compa-

rative saving in first cost and in working expenses of a light broad-gauge line

. and of a narrow-gauge line with vehicles of the same dimensions, 401.—Ditto

as to the adoption of light vehicles and light rails laid on the 5ft. Gin. gauge,

to be puslied forward as the traffic was developed, 402.—Ditto as to the state-

ment that the existing guaranteed Indian lines had proved to be a commercial

failure, 402.—Ditto as to an increase in the Indian revenues, during the last

fifteen years, being in a great measure attributable to the railways, 402.

Smiih, E. T., elected associate, 108.

•

, T. M., appelated one of the scrutineers of the ballot for Council, 110.

—

Vote of thanks to. 111.

Snow, B., resignation of, 119.

Sopwith, T., remarks as to explosive agents, 4.—Ditto as to experiments reported

in Parliamoutary Papers, 5.—Ditto as to the necessity of providing a solid object

as nearly as possible of uniform density and texture, to experiment upon, 5.

Southam, A., elected associate, 108.

Speakman, R. E., elected associate, 537.

Speck, T. S,, elected associate, 108.

Spooner, C. E., remarks as to the State railways of India, 320, 321, 322.—Ditto

as to the cost of the metre-gauge railways, compared with that of the 5 ft. 6 in.

gauge railways already constructed in India, 320, 321, 322.—Ditto as to the

Indian railways being a commercial failure, 321.—Ditto as to the tranship-

ment of traffic, 322, 323.

State railways of India. Vide Railways of India, State.

Steell, J., elected associate, 213.

Stileman, F., admitted student, 213.

Stockwell, J. A., elected associate, 108.

Stooke, T.S., elected associate, 537.

Strachey, R., Major-General, R.E., remarks as to the State railways of India,

254, 25G.—Ditto as to the fitness of English civil engineers to decide upon the

course taken by the Government in adopting the narrow gauge in India, 255.

—Ditto as to the Government of India being more or less directly charged with

want of due regard to professional considerations based on English experience,

255.—Ditto as to English civil engineers not possessing such a knowledge of

Indian local conditions, or of the practical administration of a great country, as

would render their opinion more than one of the elements in the consideration

of railway questions in India, 25G.—Ditto as to the serious financial failure of the

Indian railway system, 256.—Ditto as to the grounds on which the Government

of India had resolved to adopt the narrow gauge for the railways between

Lahore and Peshawur, and between Mooltau and Kotree, 25G.—Ditto as to the

supposed superior economy of the narrow-gauge system, 256.—Ditto as to the

traffic likely to be brought upon the metre-gauge lines, 257.—Ditto as to the total,

and average trafflc of the East Indian railway, 257.—Ditto as to the capability

of narrow-gauge lines for carrying the heaviest existing, or probable traffic

ui^on them, whether merchandise, military equipments, or stores, 257, 258.

—

Ditto as to the cost of the metre-gauge lines as compared with the Indian

standard-gauge lines, 258.—Ditto as to the question which the Indian Govern-

ment had to decide in accepting a narrow gauge, 259.—Ditto as to the con-

struction of the Lahore and Peshawur line, 259.—Ditto as to the actual saving

which would result from the adoption of the narrow gauge on the Lahore and
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Peshawur, and on the Indus Valley, railways, 259.—Ditto as to the effects of a

break of gauge, 2G0, 261, 262.—Ditto as to the cost of transfer at Lahore, 261.

—

Ditto as to the effect of break of gauge on possible military operations in the

Punjab, 261.—Ditto as to the disadvantages of a single line of railway for moving

large bodies of troojjs, &c., 262.—Ditto as to the policy of the Government as

regards the suppression of railway companies and the cliange of gauge in India,

262.—Ditto as to the development of narrow-gauge railways in the southern purta

of the United States of America, 263.—Ditto as to proposals made that broad-

gauge lines should be constructed with light rails, 263, 264.—Ditto as to the

carrying capacity of the narrow-gauge vehicles for Indian traffic, 26i.—Ditto as

to the amount of rolling-stock requisite for working the narrow-gauge system in

India, 2'J5.—Ditto as to the evils which had arisen from the system of railway

guarantees in India, 333.

Students of the Institution, supplemental meetings held to enable the, to read

and discuss Papers among themselves, 115.—Favourable report of those meet-

ings from the Members presiding, 115.—Facilities afforded to the, by the

Library, 115.—Desirability that the, should sketch existing works, and make
critical remarks in regard thereto, 115.—Miller jjrizes awarded to the, 115.

—

Visit of the, to the Leicester Water-Works, and to the chief station of the Grand

Junction Water-Works Company at Kew Bridge, 116.

Subjects for Papers, session 1872-73, 128.

Subscriptions, arrears of, statement of the, for the years 1870, 1871, and 1872, 122.

Sugar factory. Aba-el-Wakf—on the Aba-el-Wakf sugar factory. Upper Egypt,

37.—Machinery and mode of manufacture previously existing in sugar

houses in Egyj^t, 37.—Process of Mr. Walter Knaggs, a Jamaica planter,

for the manufacture of white sugar without charcoal filtration, and his

rapid method of concentration of cane juice to sirup, 37.—Exceptional

advantages presented by the climate of Egypt for a trial of that ijrocess,

38. — The Aba-el-Wakf sugar factory constructed specially for the sul-

phurous acid process, on the banks of the Ibrahimia canal, 2 miles west of

the Nile, 38.—A second factory erected and set to work at Bene Muzar, 6

miles ftirtlier south, 38.—Brief sketch of the usual methods of maniifacture, 38.

—Clarification, 38.—Bisulphite of lime commonly used with the same object

as sulphurous acid gas, 39.—Use of ' taches ' and of ' copper wall ' in making

inferior kinds of sugar, 39.—The higher classes of sugar run through bag

filters and animal charcoal, 39.—At Bene Mazar four sets of treble-action con-

centrators used, 39.—After concentration the sirup passed through charcoal

filters, and boiled to grain in vacuum pans, 39.—Inferior sugars, 39.—Molasses,

39.—Animal charcoal used by refiners, 40.—The new metiiod of sugar-making

introduced at Aba, 40.—I. General Descriftion of the Manufactlre, 40.

—The canes, 41.—The 'mogass,' or crushed cane, 41.—The boiling of the juice,

and injection of sulphurous acid gas, 41.—Addition of milk of lime mixed with

China clay, 41, 42.—The subsiders, 41, 42, 50, 54.—The clarified juice, 41, 42.

— Lime used, the produce of the native limestone, 42.—The scum, 42.—The
sirup from the concentrators, 42.—The vacuum pans, 42.—The sugar when
crystallized, 43.—The molasses, 43.—Ditto finally remaining converted into

strong spirit, 43.—Mechanics' sho}!, 43.—II. Description of the Machinery,

43.—Modifications of conventional sugar machinery, 43.—Increased diameter

of the cane-mill rolls, 43.—Abandonment of the steam 'montejus,' 43, 49.

—

Disposition of the boilers, 43.—Exceptional size of cane mills, 43.—New system

of gcaiing, 43, 44, 45, 48.—Tabic showing pressures on teeth and journals of
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cane mills with rolls 4 ft. diameter, worked by an engine indicating 100 H.P.,

at 30 revolutions, to give 18-3 ft. speed of roll surface per minute, 46.

—

Arrangements for lubrication, 47.—Pressure exerted by the top roll, 47.

—

Speed for the surface of mill rolls, 47.—Engines used for driving the cane mills,

47.—Boilers, 47.—Power of evaporation, 48.—Juice spouts, gutters, and tanks,

48.—Centrifugal pumps, 48.—Clarifiers, 49.—Mean of three experiments on the

power of ditto in heating Avater to the boiling jDoint, 49.—Other experiments

with a clarifier of similar construction, 50.^—Subsiders, 50.—Generation of the

sulphurous acid gas, 50.—Quantity of sulphur used, 51.—Skimmings from the

clarifiers, 51.—Tlie concentrators, consisting of a copper tray and steam boilers

beneath, 52, 53, 54.—Subsiding tanks, 54.—The suction pipes of the vacuum
-pans, 54.—Working of the concentrators, 54.—Use of steam generated from the

juice, 54.—Test of a concentrator as to its evaporating powers, &c., at the Erith

Ironworks, 54.—Eesult of ditto, 54.—Comparison of theoretical and actual

results, 55.—Experiments made at Erith to assist in proportioning the trays,

and results as to the transmission of heat by similar surfaces, 55.—Connection

made between the low-pressure steam main and the boilers supplying the

clarifiers, 56.—Copper vacuum pans, 56.—Vacuum pumps and engines, 57.

—

Engines driving the centrifugal machines. 57.—Centrifugal cm-iug machines,

58.—Eailway turn-tables and wagons under the vacuum-pans, 58.—Mixing
mills, 59.— Construction of tanks, 59.—Water mains, hydrants, and hose, 59.

—

Dimensions, &c., of the Aba factory and of the several buildings, 59.—Water

and gas supply, 59, 60.—III. The Chemistry and Physics of the Manufac-
ture, 60.—Sulphurous acid gas applied to the manufacture of sugar in 1838, 60.

—Bisulphite of lime at present largely employed in the British West India

colonics, 60.—Causes of the previous faihu'e of sulphurous acid gas, 60.—The
Aba factory believed to be the first built expressly for the use of sulphurous

acid, 61.—Clarification with lime, and that process as carried on at Bene
Mazar, 61.—Proportion of sulphur used at Aba, 61.—4 per cent, more lime

required by the sulphurous acid process than by the ordinary method of

defecation, 61.—Deposit of sulphate of lime, 61.— Eapidity of the process of

getting the juice to the state of sirup, 61.—No loss of crystallized sugar through

the use of sulphurous acid, 62.—Third boihngof molasses, 62.—Yield of

164,.345 gallons of raw juice, at 9|° Beaume' and 72^ Fahrenheit, 62.—Dimen-

sions of canes, 63.—Yield of sugar on the Colonial Company's estate in

Demerara, 63, 64.—Yield of two sugar fi^ctories on the Clarence river, New
South Wales, 63.—Comparative quantities of molasses, or unciystallizable sugar,

remaining after the first boiling in Egypt, in the West Indies, and in New South

Wales, 64.— Total yield of all sugars and molasses, in pounds per gallon, 64.

—

Density of juice, sirups, and saccharine solutions, 64.—Separation of crystals

from impure solutions technically called 'curing,' 65.— Yellow sugars, 65.—

Dry white sugar and bright canary-coloured sugar, 66.—Y'ield of all sugars per

hour, 66.—Water to be evaporated in boiling down the second and third sugars,

66.—Third boilings, 67.—Computation of the total horse-power required to

work the Aba factory, 67.—Eelative consumption of coal and megass as fuel,

68, 69.— Composition of dry megass for diiFerent degrees of pressing, 69.

—

Difficulty in arriving at a conclusion in reference to tlie megass burnt at the

Aba mill, 69.—Cost of machinery, iron buildings, and roofs of the Aba factory,

and of the Bene Mazar factory respectively, 69, 70.

Sweden, railways of, 337, 520.

Sykes, W., deceai5e of, 119.
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Symonds, R. J., admitted student, 109.

Syiinot, R. H. I., decease of, 119.

Tabular statement of tlie transfers, elections, deceases, and resignations of the

members of all classes, during the years 1870-71, and 1871-72, 117.

Tanner, J. E., remarks as to tlie State railways of India, 434.—Ditto as to the divi-

dend earned by the guaranteed railways, and as to the advantages reaped by

the Indian Government and by the tax-payers, 434.—Ditto as to the skilled

labour taught by the guaranteed railways having become remunerative to the

country, 435.—Ditto as to the disadvantages contended with in the course of

construction of some of the railways, 435, 437.—Ditto as to the postal service of

India, and as to the saving effected therein by the construction of the guaran-

teed railways, 435.—Ditto as to the economy accruing to the Government by

moving troops by rail, 435.—Ditto as to break of gauge, 435.—Ditto as to the

Sutlej bridge, 436.—Ditto as to the comparative cost of a narrow-gauge line

and of a broad-gauge line, 436.^Ditto as to two estimates for a single line of

railway in one of the colonies, one on a gauge of 3 ft. 6 in., and another on a

gauge of 4 ft. 8J in., 436.—Ditto as to the data started with, 436.— Ditto as to

the result of the estimates, 436, 437.—Ditto as to the rolling-stock of the two

gauges, and as to the comparative cost of ditto, 437.—Ditto as to the traffic

estimated for, 437.—Ditto as to the carryit]g capacity of the narrow-gauge

wagons and of the broad-gauge wagons, 437.—Ditto as to the result of the

estimates being in favour of the 4 ft. 8| iu. gauge, 437.—Ditto as to the desira-

bility of arriving at a true comparison of the cost of narrow-gauge railways and

of broad-gauge railways in India, 437.—Ditto as to the statement that none of

the Engineers of the Indian lines suggested the construction of light or cheaj)

lines, 438.—Ditto as to his having proposed a light railway so early as 1861,

438.—Report on a light railway to connect the larger towns of the Punjab with

Lahore, dated December 6, 1861, 534,

Taylor, J., appointed one of the scrutineers of the ballot for Council, 110.—Vote

of tlianks to. 111.

Telford, T., Past-President, presentation of a cast of the statue of, noticed in the

Anni;al Report, 112.

medals, Telford and Manby premiums, and Miller prizes, awarded,

session 1871-72, 110, 114, 115.—List of subjects for, session 1872-73, 128.

Thames tunnel, shafts sunk preparatory to the construction of the, referred to,

206, 208, 210.

Thompson, E., admitted student, 537.

, G., elected associate, 537.

Thornton, W. T., the relative advantages of the 5 ft. 6 in. gauge and of the metre

gauge for the State railways of India, and particularly for those of the Punjab,

214.^Remarks as to the amount of rolling-stock requisite for working the

narrow-gauge system in India, 295.—Ditto as to arguments against the adoption

of the narrow gauge in India, 438, 439, 448, 453, 454, 459, 460.—Ditto as to

the estimates of Mr. Fowler and of Mr. Hawksliaw, 440.—Ditto as to the mode in

which the assumed total average saving per mile, to be effected by the adoption

of a light metre gauge, was obtained, 441.—Ditto as to the exception taken to the

details of wljich that total was composed, 441.—Ditto as to the item of land and

as to the variable price of land in India, 441, 442.—Ditto as to tlie item of

earthwork, 442.—Ditto as to the item of bridges, 442.—Ditto as to the items ot

sleepers and of ballast, 442, 446.^Ditto as to the saving on engineering and



568 INDEX.

agency, 443.—Ditto as to reduced cost of annual repairs of a narrow-gauge line,

443.—Ditto as to the question of saving by the use of sharper curves on a

narrow-gauge line, 444, 445.—Ditto as to the total saving per mile to be ob-

tained by the adoption of the narrow gauge, 447.—Ditto as to the weight

assiuned for the rails, 447.—Ditto as to break of gauge, 449, 458, 460.—Ditto

as to the traffic upon the railways in India, 449.—Ditto as to exaggerated

notions of the disadvantages of break of gauge which had been deduced from

English experience, 449, 450, 451, 452.—Ditto as to the number of miles of

railway already constructed or in process of construction to provide India with

a complete network of railways, 452.—Ditto as to a despatch recently received

from the Government of India, in reply to one from the Secretary of State,

containing an estimate of the probable cost of altering the gauge of tlie Punjab

system, 454, 455.—Ditto as to no additional rolling-stock being required by

reason of the adoption of the metre gauge on the Lahore-Peshawur line, 456.

—

Ditto as to the traffic on the Lahore-Mooltan line, 457, 458.—Ditto as to the

saving consequent on the adoption of the metre gauge for the Punjab system,

458.—Ditto as to the effect of the adoption of the narrow gauge upon military

movements, 460, 461.—Ditto as to the capacity of the metre-gauge vehicles to

carry field artillery, 462.—Ditto as to the numerical sufficiency on extraordinary

emergencies of the rolhng-stock of the Punjab railway system, 462, 463.

Thornycroft, J. I., elected associate, 138.

Tiplady, R., elected associate, 138.

Tomkins, H. T., elected associate, 108.

Trevor, J. S., Lieut.-Colonel, R.E., elected associate, 537.

Turnbull, G., remarks as to the State railways of India, 426.—Ditto as to the

question of Indian railways in itself being one of a technical character, 427.

—

Ditto as to the adoption of the narrow gauge and the introduction of the

mixed gauge, 427.— Ditto as to the objections to a break of gauge and to a

mixed gauge, 427, 429.—Ditto as to the estimates of the saving to be effected

by the adoption of the narrow gauge, 427, 428.—Ditto as to the question of

maintenance, 427.—Ditto as to the question of the cost of construction, and

as to the proposed saving being illusory, 427, 428.—Ditto as to the adoption

of a liglit broad gauge where light traffic occurred, 428.—Ditto as to the

desirability of adopting the narrow gauge in some localities in India, 428.

—

Ditto as to the want of ' feeders,' or roads of communication leading to the rail-

way stations, 429.

Tyler, Captain H. W., remarks as to the State railways of India, 314, 316, 319.

—

Ditto as to the circumstances under which broad-gauge railways or narrow-gauge

railways were respectively suited, 315.— Ditto as to the necessity that, in a com-

parison of cost as between two gauges, the precise line of railway and its peculiar

circmnstances should be indicated, 316.—Ditto as to the fallacious results

obtained from averages, 316, 317.—Ditto as to the comparative cost and efficiency

of working and of maintenance as between two gauges depending upon the

character and quantity of the traffic and upon the speed required, 317.—Ditto

as to the disadvantages of break of gauge, and as to ditto on the Grand Trunk

railway of Canada, 318.—Ditto as to tiie difficulties of embarking and dis-

embarking bodies of troops when transported by railway, 318.— Ditto as to the

necessity for reconsidering the question of the adoption of tlie metre gauge for

the State railways of India, 319, 320.

Under-Bluices in weirs, 178 et seq.
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Upcottj F. E., elected associate, 108.

Valentine, A., decease of, 119.

Vernon, H. C. E., admitted student, 109.

Vice, G. W., elected associate, 108.

Vignoles, C. B., Past-President, remarks as to irrigation in Northern India, IGG.

—

Ditto as to Ihe State railways of India, 329, 330.—Ditto as to a report made
by him, in September, 1842, as to the desirability and possibility of making
railways in India, 329, 475.—Ditto as to the report made by the Irish Rail-

way Commissioners, 330.—Ditto as to the metre not being a scientific, but an
arbitrary unit of measurement, 331.—Ditto as to the assumed saving by the

adoption of the metre gauge for the State railways of India being illusory, 331.

—

Ditto as to the construction of efficient and cheap railways upon the existing

Indian standard gauge, 331.—Ditto as to raQways having contributed to increase

the land revenue of India, and as to the duty of the State to expend money in

public works upon other considerations tlian those which govern a private

capitalist, 331, 332.—Ditto as to the past and i^reseut deficiency of ordinary

roads, and as to the necessity for their construction by the Government, aa

feeders to the railways, 332.—Ditto as to a report made by Mr. W. W. Evana
(of New York) against the use of the narrow gauge for the railways of the

British colony of Victoria, 333.—Keport on the Hindostanee railway, dated

September 22, 1842, 475.

Wait, J. H., elected associate, 213.

Walker, Z., admitted student, 138.

Waller, J. H., elected associate, 108.

Warden, B. F., admitted student, 213.

Waring, H. R., elected member, 108.

Webb, F. W., transferred member, 108.

, O., remarks as to explosive agents, 23.—Ditto as to the statistics of driving

a railway tunnel with gunpowder, gun-cotton, and dynamite, 23.—Ditto as to

the superior advantages possessed by the violent explosives over gunpowder,

24.—Ditto as to the relative powers of nitro-glycerine, of dynamite, and of gun-

cutton, 24.—Ditto as to an experiment made before the Gun-cotton Committee,

24.—Ditto as to the carriage of dynamite in Germany and in England, 24.

—

Ditto as to dynamite preserving its pasty character, 24.—Ditto as to the passing

of the Act for regulating the use of explosives, 24.—Ditto as to an accident at

Weiu Fawr, 25.-7-Ditto as to the quality and power, weight for weight, of

dynamite and gun-cotton, 25.—Ditto as to the inferiority of tutonite to dyna-

mite, 25.

Weber, Baron M-M. von, elected member, 138.

, reference to a communication from, in respect to the construction of

branch lines in Austria on the normal gauge of 4 ft. 8J in., 338.

Weild, W., resignation of, 119.

Weirs, best mode of constructing, referred to, in the* course of the discussion of

the Paper on Irrigation in Northern India, 165 et seq.

Wells and brick cylinders. Vide Foundations.

White, J. B., resignation of, 119.

Whittingham, J., elected associate, 537.

Wdliams, A., appointed one of the scrutineers of the ballot for Council, 110.—
Vote of thanks to, 111.
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Williams, E. B., electerl associate, 108.

, K. P., remarks as to the State railways of India, 339, 3-18, 353, 354.

—

Ditto as to the adoption of narrow-gauge lines, 339.—Ditto as to the Lahore-

Peshawur railway, 339.—Ditto as to the Indus Yalley railway and the Mooltan-

Kotree railway, 34:0.—Ditto as to the estimated saving by the adoption of the

narrow gauge, 340, 344, 345, 346, 348, 354.—Ditto as to the circumstances under

which the bruad gauge was adopted, 340.—Ditto as to a proposed light railway

on the standard gauge in the West of Ireland, 340.—Ditto as to an estimate of

tlie comjiarative cost per mile of ditto, on a 5ft. 3 in. gauge, and on a 3ft. 6 in.

gauge, 341.— Ditto as to the relative cost of maintenance and renewals on both

those gauges, 342.—Ditto as to the life of rails and of sleepers, 343.—Ditto as

to the construction of rolling-stock for railways on the broad gauge and on the

narrow gauge, 346.—Ditto as to the running exi^enses on the narrow gauge, 347.

—Ditto as to the ratio of the dead load ti> the paying load being identical on

the broad gauge and on the narrow gauge, 347.—Ditto as to the narrow gauge

being more expensive in maintenance and renewals, 348.—Ditto as to the

difftrence in the circumstances of light railways in Great Britain and in India,

348.—Ditto as to the amount of the population of India served by the railways,

349.—Ditto as to the progressive development of traffic on the Indian railways,

349, 350.—Ditto as to a diagram showing the increase of traffic on ditto, from

1861 to 1872 inclusive, 349, 350.—Ditto as to a table in respect to the Indian

railways showing the increase percent, of mileage opened, passengers conveyed,

and receipts from passenger traffic, gooils traffic, and total traffic, from 1862 to

1871 inclu.sive, 351.—Ditto as to a diagram showing the increase of traffic on the

railways of the United Kingdom, from 1849 to 1871 inclusive, 352.—Ditto as to

a statement sliowing the increase percent, of the gross receipts and miles of line

of the railways of the United Kingdom, from 1849 to 1871 inclusive, 353.—Ditto

as to the important bearing of the actual growth of the Indian railway traffic,

353.—Ditto as to the evil effects of break of gaiige, 354.—Ditto as to the South

Wales coal having been hitherto excluded from the London market owing to the

break of gauge on the Great Western railway system, 354.

Wilson, J. C, remarks as to the Aba-el-AVakf sugar factory, 87.—Ditto as to his

having patented the wedge motion, a modification of which had been adoi^ted

in the cane mills, 87.—Ditto as to the best description of engine for driving sugar

mills, 87.—Ditto as to the gearing, and its ijroper distance from the mill, 88.

—

Ditto as to the superiority of the ordinary rectangular clarifier over the clarifier on

the French system, 88.—Ditto as to the beneficial eflects of the open fire in'ocess,88:

Winder, T. R., transferred member, 213.

Wood, G. H., elected associate, 537.

, J. T., remarks as to the State railways of India, 380, 385.—Ditto as to the

question of military transport, 380, 381.—Ditto as to the question whether the

capacity of the metre gauge was sufficient for the trafiic of the existing 5 ft. 6 in.

gauge, 382, 383.—Ditto as to facilities for the interchange of rolling-stock and

for the transport of goods liable to handling, 382, 384.—Ditto as to the evils of

break of gauge on the Eastern Bengal railway, 383.—Ditto as to dead weight

and as to the consumption of coal by a train when full and when empty, 384.

—Ditto as to the rates and fares of the guaranteed railways in India, 384.

—

Ditto as to the system of average rates and fares charged for railway transport in

India, 384.—Ditto as to the obligation of the Indian Government to make and

repair the ordinary roads, 385.—Ditto as to the causes to which the deficit on

the guaranteed railways might be attributed, 385.
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Woodall, C, elected associate, 108.

Woods, E., remarks as to the State railways of India, 403.—Ditto as to the abstract

proposition that a narrow-gauge railway must be cheaper than a broad-gauge

railway, 403, 405.—Ditto as to narrow-gauge lines Laving been more costly

than broad-gauge lines, owing to the nature of the traffic to be provided for,

405.—Ditto as to the fallacy that the cost of lines might be computed to be in

proportion to the width of gauge, 405.—Ditto as to the mistake originally made

by the Indian Government in sanctioning the formation of lines equal to the

first-class English railways, 405.—Ditto as to the large and unnecessary outlay

occasioned by the establishment of a wider gauge than was necessary, even in

England, 405.—Ditto as to the railways of the United States and of the Spanish

Eepublics of the South American continent, 405.—Ditto as to the gauges of the

railways in the United States, in Peru, in Chili, and the Argentine Eepublic,

405.—Ditto as to the cost of a line in the latter country constructed on the

5 ft. 6 in. gauge, 405.—Ditto as to the proposed change of gauge in the colony

of Victoria, 406.—Ditto as to the saving to be effected by the adoption of a

3 ft. 6 in. gauge, in lieu of a 5 ft. 3 in. gauge on a proposed line in that colony,

406.—Ditto as to the proportion of constant and variable expenses, 406.—Ditto

as to the dimensions of the vehicles and the weights they were required to

carry being the determining elements of the width of gauge, &c., 406.—Ditto

as to the change of gauge in India, and as to the introduction of breaks of

gauge, 406, 407.—Ditto as to the adoption of light lines and of light rolling-

stock, 406.—Ditto as to the increase in working expenses on the metre gauge,

407.—Ditto as to the change of gauge on the Great Western railway, 407.

—

Ditto as to the evils incidental to breaks of gauge, 407.

Woolbert, H. E., elected associate, 108.

Wright, W., admitted student, 213.

Wylie, H. J., decease of, 118.

YoEand, W., Colonel, E.E., remarks as to the State railways of India, 369.—Ditto

as to the original selection of a 5 ft. in. gauge instead of a 4 ft. 8J in, gauge for

the main trunk lines in India, 369.—Ditto as to the abrupt substitution of

the 3 ft. 6 in. gauge, or of the metre gauge, 369.—Ditto as to the cost of

construction of ditto, 369. — Ditto as to the introduction of sharp cui'ves

with traffic conducted at a moderate siJecd, 369.—Ditto as to the undesii'a-

bility of makiug any change in the gauge of the main trunk lines of India, 369.

Young, E. W., remarks as to the State railways of India, 413.—Ditto as to a railway

of 3 ft. gauge in Nova Scotia, and as to the rails and rolling-stock used on ditto,

413.—Ditto as to the cui-ves on ditto, 413.—Ditto as to the capabilities of narrow-

gauge lines, 413.—Ditto as to the superiority of the narrow-gauge system over

the light broad-gauge system, 414.—Ditto as to the trivial character of the

objection to a break of gauge, 414.—Ditto as to the carrying capacity of

narrow-gauge lines being dependent upon the amount of rolling-stock at hand,

415.—Ditto as to the percentage of working expenses on the narrow-gauge

system being less than on the broad-gauge system, 415.—Ditto as to the want

of ordinary roads in India, and as to whether wooden tramroads, on which the

wagons of the metre gauge could be drawn, would not be found cheaper in

construction and maintenance than ordinary roads, 415.—Ditto as to the suit-

ability of the narrow-gauge system to India, 415.

END OF VOL. XXXV,
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